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Sedimentary sequences in the Port Campbell area range from 
the Early Cretaceous to Pliocene in age. Two major groups are 
distinguished in the Cretaceous sequences. The Otway Group was 
deposited in a braided river fluviatile environment which is 
unconformable overlain by the fluvio-deltaic to shallow marine 
sequences of the Sherbrook Group. The Tertiary sequences are 
divided into Wangerrip Group (paralic to deltaic and shallow 
marine), Nirrandra Subgroup and Heytesbury Group (both marine 
environments)•
The present study of organic petrology gives an assessment 
of organic matter type and abundance, and the rank of possible 
petroleum source rocks in the Port Campbell area. Organic matter 
in the Early Cretaceous-Tertiary sequences of the area is 
predominantly in a dispersed form but some thin coal seams also 
occur in the sequence.
Inertinite is the dominant maceral in the dispersed organic 
matter (d.o.m.) but the liptinite and vitrinite which are present 
in the sequences probably have the most significant generation 
potential. The Eumeralla Formation is considered as the most 
effective source of hydrocarbon as the formation contains 
intervals with abundant organic matter and lies in the principal 
zone of oil generation (0.7%-0.9% Rvmax)• The next most
ii
effective sources of hydrocarbons are the Waarre Formation and 
the Belfast Mudstone; both are marginally mature (0.5% Rvmax).
Rank data, together with information from palaeothermal 
models suggest that an early and relatively rapid phase of 
coalification began during the Cretaceous and post-Cretaceous.
The largest hydrocarbon accumulation found to date has been 
in the Waarre Formation. Thin section petrographic, SEM and 
cathodoluminiscence studies show that secondary intergranular and 
intra-cement pore textures are common in this unit. Thus, the 
formation has good reservoir potential.
The Eumeralla Formation is considered to have marginal to 
favorable reservoir potential. However locally, in the Port 
Campbell area, sandstone facies within the Eumeralla Formation 
have favourable reservoir potential.
The petrography of one hundred and ten samples of fine- to 
coarse-grained sandstones showed that the detrital components of 
sandstones in the Port Campbell area comprise variable amounts of 
quartz, feldspar and volcanic rock fragments. The main sandstone 
groups are quartzarenite, sublitharenite, volcarenite, 
litharenite and feldspathic litharenite. The fine-grained rocks 
include carbonaceous mudstone, glauconitic mudstone, chloritic 
mudstone, siltstone and marl. X-ray diffraction analyses 
indicate that kaolinite is more abundant than illite, chlorite, 
sericite, montmorillonite and mixed—layer clays in most of the 
samples examined. In some samples from the Eumeralla Formation 
chlorite is more abundant than kaolinite.
iii
The contents of this thesis are the result of 
original research and the material included 
has not been submitted for a higher degree to 
any other University or similar/institution.
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The Port Campbell area is situated in the eastern part of 
the Otway Basin between the Warrnambool High and the Otway Ranges 
(Fig. 1; Geological Survey of Victoria, 1973; Wopfner and 
Douglas, 1971). It has an area of about 2100 km2. Physiograph- 
ically the area is an upwarped coastal plain. The southern half 
of the Port Campbell Embayment is triangular in shape and is 
youthfully dissected by the valleys of the Curdie, Gellibrand and 
Barwon Rivers and their tributaries.
The first exploratory journey into the Port Campbell area 
was made by C.S. Wilkinson in 1864, traversing the Otway Ranges 
and the coast from Cape Otway to Peterborough. Other accounts of 
the geology of the area were given by Edwards and Baker (1943), 
Baker (1944, 1950), Medwell (1977) and Douglas (1977). The 
distribution of stratigraphic units is shown on the geological 
map of the entire Otway Basin (scale 1:500,000) published by 
Department of Mines, Victoria, and Department of Mines, South 
Australia (Wopfner and Douglas, 1971), and on the geological map 
of the Colac sheet (scale 1:250,000) published by Geological 
Survey of Victoria (1973) .
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Since the late 19th Century, petroleum has been sought in 
the Otway Basin, but no commercial quantities of hydrocarbons 
have yet been discovered. Information on hydrocarbon occurrences 
are those of stranded bitumen which was seen at numerous places 
along the Otway Coast and beyond (Weeks and Hopkins, 1967; 
Wopfner et al., 1971). Hydrocarbon traces have also been 
reported by many previous workers (e.g., Leslie, 1966; Hawkins 
and Dellenback, 1966, 1971; Reynolds, 1967; White, 1968; 
Ellenor, 1976; McPhee et al., 1981) from intervals throughout the 
Cretaceous and Early Tertiary stratigraphic sections (Table 1). 
The most significant subsurface occurrence of hydrocarbons was 
recorded from Port Campbell No.l petroleum well which produced a 
non-commercial gas flow with a small amount of condensate from 
the Late Cretaceous Waarre Formation. Other significant 
occurrences of hydrocarbons were encountered in Flaxmans No.l 
(250 Mcf/day dry gas), Port Campbell No.4 (250 Mcf/day dry gas 
and 4.5 bbls/day, oil) and Pecten No.lA (90-145 Mcf/day, dry gas) 
petroleum exploration wells (Wopfner et al., 1971; and Ellenor, 
1976). According to Powell and McKirdy (1976), the oils 
encountered in both the Flaxmans and Port Campbell wells are 
similar in character to oils from the Gippsland field in having a 
paraffinic base.
Moderate to high source rock potential has been detected by 
a number of petroleum exploration companies at intervals in the 
Eumeralla Formation of the Otway Group and the Belfast Mudstone,
4
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TABLE 1. STRATIGRAPHIC SECTION
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Paaratte and Curdles Formations of the Sherbrook Group (e.g., 
Reynolds, 1967; Wopfner et al., 1971; Ellenor, 1976; Felton and 
Jackson, 1985; Struckmeyer and Cook, 1985).
Potential reservoir horizons or strata that retain 
significant porosity and permeability occur at several 
stratigraphic levels such as the Waarre, Paaratte, Curdles, 
Pebble Point, Dylwin, Mepunga and Clifton Formations. Ellenor 
(1976) suggested that the Early Cretaceous Eumeralla Formation is 
not a primary potential reservoir since the unit has undergone 
extensive diagenetic alteration.
1.2 AIMS AND SCOPE OF THE STUDY
The particular aim of this study is to investigate the 
source and reservoir rock potential of the Otway Basin sequences 
in the Port Campbell area. The study is based on petrological 
research on both organic matter and the rock sequence in the Port 
Campbell No.l, No.2, No.4, Flaxmans No.l and North Paaratte No.l 
petroleum exploration wells. The scope of this study is to:
1. assess the abundance of the dispersed organic matter in the 
sedimentary sequence and the relative abundance of the 
various macérais in the coal;
2. determine type, rank and distribution of organic matter 
within the stratigraphic sequence;
3. examine the sequence for maturation and hydrocarbon genera­
tion and to determine the source rock potential of strata in 
the Port Campbell area$
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4. assess the framework of the arenaceous rocks by petro­
logical, scanning electron microscope and cathodo­
luminescence methods, and determine the type of porosity, 
and the diagenetic features and histories which might affect 
porosity and permeability^
5. determine the type of clay minerals in the siltstone, mud­
stone, shale and claystone by X-ray diffraction analysis^
6. mathematical analysis of the resultant petrological data«
The target of this study is to solve problems concerning the 
nature, distribution and abundance of organic entities which 
relate to hydrocarbon generation and accumulation.
1.3 PREVIOUS WORK AND HISTORY OF OIL EXPLORATION
Oil exploration in the Otway Basin started during the late 
19th century. In 1892, the Salt Creek Petroleum Company drilled 
the first well for oil in Australia which was situated adjacent 
to the Otway Basin near Salt Creek (Rochow, 1971). During the 
next 50 years several shallow exploratory wells were drilled but 
few penetrated to significant depth in the Tertiary sediments of 
the Otway Basin. The deeper Nelson No.l well was commenced in 
1941 by joint Commonwealth and State Authorities, but this well 
was abandoned at a depth of 2226.5 m (7305 ft) in 1945 because no 
significant hydrocarbons were encountered (Leslie, 1966).
Since 1953, the Frome-Broken Hill Company Pty Ltd, a
7
partnership of Mobil Oil Australia Ltd, BP Petroleum Development 
Australia Pty Ltd and Interstate Oil Ltd, has been involved in 
oil exploration in the Otway Basin. The discovery of a marine 
Late Cretaceous sequence in the Belfast No.4 well and in an 
underground water exploration bore drilled by the Department of 
Mines, Victoria, resulted in renewed interest in deep well 
exploration of the Otway Basin.
In 1959, Frome-Broken Hill had initial success with the Port 
Campbell No.l Well which resulted in significant, but uneconomic, 
flows of wet gas from the Waarre Formation. In the years 
1954-1964, the company drilled nine wells onshore. Seven of 
these wells (Port Campbell No.l, 2, 3 and 4, Flaxmans No.l, 
Fergusons Hill No.l and Sherbrook No.l) were located in the Port 
Campbell area (Table 2)•
Table 2. Wells drilled for petroleum in Port Campbell Area, Victoria
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Hill Co Pty Ltd
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Hill Co Pty Ltd
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Hill Co Pty Ltd
38°32'30"S 
142°58’30”E
2596.0 m 1964 4.5 bbls/day of 34.7° 
API free oil and 
85 Mcf/day of gas, 
salt water
Otway Group
Flaxmans No.l* Frome-Broken 
Hill Co Pty Ltd
38°32'40“S 
142°45'15”E
3513.7 m 1961 Gas cut Salt water, 








Hill Co Pty Ltd
38°37,20,,S
143°09,41ME
3542.4 m 1964 Slight fluorescence Otway Group
Table 2. Wells drilled for petroleum in Port Campbell area, Victoria (continued)
Well Name Company Coordinate Total Depth Year Oil and Gas Shows Rock Unit
Sherbrook No.l Frome-Broken 38°37*33"S 1656.3 m 1963 Oil staining, odour Otway Group
Hill Co Pty Ltd 143°07*16"E and solvent cut
Pecten No.lA Shell Development 38°40,41MS 2850.5 m 1967 90-145 Mcf/day plus Waarre Fm.
(Aust.) Pty Ltd 142°39»56”E 615 bbls/day salt
water
Nautilus No.l Esso Australia Inc 38°58*40.972 ”S 2010.7 m 1968 - -
142°32'45.744"E
Mussel No.l Esso Australia Inc 38°57*45.993 "S 2449.9 m 1969 - -
142°46 *21.676 ME
North Paaratte Beach Petroleum NL 38° 33 *10"S 1544.7 m 1979 9.6 MMcf/day gas Waarre Fm.
No.l* 142° 57 *15"E
* Samples collected for this study
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The discovery of oil and gas in the Port Campbell wells 
prompted an upsurge in exploration activity, including extensive 
geological and geophysical work. In November 1979, Beach 
Petroleum NL drilled the North Paaratte No.l well in the onshore 
part of the Port Campbell area, 3.5 km northwest of the 
Frome-Broken Hill Port Campbell No.l well. North Paaratte No.l 
flowed gas at a sustained rate of 9.6 MMcf/day on production 
testing of the Late Cretaceous Waarre Formation (McPhee et al.t 
1981).
Exploration in the offshore Otway Basin started with 
reconnaissance seismic surveys by Frome-Broken Hill in the period 
1960-63 and by Hematite Petroleum in 1965 (Denham and Brown, 
1976), and was followed by regional and semi-detailed seismic 
surveys in 1966-69 by Esso and Shell to give a seismic grid with 
line spacing varying from 3 to 16 km. Then, in 1971, a 
re-assessment of the seismic data was carried out by Hematite 
Petroleum since none of the existing seismic data was of 
sufficiently good quality to evaluate for oil exploration. Until 
1976, some 45 petroleum exploration wells, including 12 offshore 
tests, had been drilled in the basin. Three of the offshore 
exploration wells are located in the Port Campbell Embayment,
i.e., Pecten No.lA drilled by Shell Development in 1967, 
Nautilius No.l drilled by Esso Australia in 1968 and Mussel No.l 
drilled by Esso Australia in 1969. Petroleum exploration in the 
Otway Basin continues steadily with the main potential being 
focussed on the offshore prospects.
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Many technical reports and papers on various aspects of the 
geology and exploration history of the Otway Basin have been 
published and reviewed, e.g., McQueen (1961), Sprigg (1961), 
B.M.R. (1966), Leslie (1966), Reynolds (1967, 1971), Reynolds _et 
al. (1966), Weeks and Hopkins (1967), White (1968), Douglas and 
Ferguson (1976) and Douglas (1977). The geological surveys of 
South Australia and Victoria have jointly produced a special 
bulletin on the Otway Basin edited by Wopfner and Douglas 
(1971). Recently Thompson and Walker (1985) attempted to develop 
a computer-compatible stratigraphic data file for the Otway 
Basin.
1.4 CORE LOGGING
Before collecting the selected samples from core boxes, 
cuttings and core were examined and described with special 
reference to facies boundaries, stratigraphic units, textures and 
sedimentary features, fossil contents and the physical properties 
of the rocks. Depth intervals for the cuttings are 6 m (20 ft). 
The quality of cuttings were sufficient to be examined under a 5x 
to lOx magnification using a binocular microscope supplied by the 
Bureau of Mineral Resources, Geology and Geophysics, Australia 
(B.M.R.) in Canberra. Most cuttings samples were available in 
plastic bags with depth interval labels. Core samples consist of 
isolated blocks of 5 cm to 7.5 cm diameter core. Although 
sedimentary features could only be described from the core 
samples, not all the core intervals were fresh enough to
12
distinguish such features* The results of core logging are shown 
in Figures 14, 15, 16, 17 and 18.
1*5 SAMPLE PREPARATION TECHNIQUES
Samples for this study consist of core or cuttings supple­
mented by a few outcrop samples from the Otway Range. All 
samples collected were prepared for thin section (reservoir rock 
petrography), polished-block (organic petrology of source rock), 
mounted-powder (X-ray diffraction), silver-coated block (scanning 
electron microscope) or polished thin section (cathodo­
luminescence) analysis.
1.5.1 Source rock petrology
a. Sampling
For the organic petrographic analysis, a total of 114 
samples were selected including 67 drill core samples, 43 cutting 
samples and 4 outcrop samples. One hundred and ten samples were 
selected from five boreholes (Port Campbell No.l, Port Campbell 
No.2, Port Campbell No.4, Flaxmans No.l, and North Paaratte No.l) 
with the sample intervals depending on the lithological variation 
within the stratigraphic sequences (Appendix 1A).
b. Block Preparation
A 10 gm portion of each sample (Appendix 1A) was mounted in 
a block and polished using the procedure outlined in Figure 2.
9
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FIGURE 2. FLOW DIAGRAM OF THE METHOD OF BLOCK
PREPARATION FOR SOURCE ROCK PETROLOGY.
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All the polished blocks have been registered in the grain mount 
catalogue at the Department of Geology, University of Wollongong.
c • Microscopy
The principal use of organic petrology is to provide an 
understanding of the occurrence, properties and significance of 
organic matter in coals and oil shales, and of dispersed organic 
matter in sedimentary rocks. Definitive texts on optical 
microscopy for organic petrology have been given by Stach et al. 
(1982), International Commission for Coal Petrology (1971, 1975) 
and Cook (1980).
Oil immersion objective lenses were used for maceral 
analyses, with nominal magnification in the range 25x to 50x and 
occulars of a magnification of 10x. All the prepared samples 
were examined with reflected white light microscope techniques 
using both normal reflected white light (Leitz MPVl) for 
measuring vitrinite reflectance, and the reflected UV/violet/blue 
light fluorescence modes of a Leitz Orthoplan microscope (MPV2) 
for examining exinite group macerals.
For fluorescence mode observation, a 100W mercury lamp 
giving a high intensity light source was used in conjunction with 
a filter system consisting of a 3 mm BG3 excitation filter, with 
a K490 barrier filter, and a TK400 dichroic mirror fitted in the 
vertical illuminator. Eight main parts of the reflected light
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illumination fluorescence mode microscope (Figure 3) which need 
specific attention are summarized below (Cook, 1980):
1. lamp type, power and housing






8. prevention of fluorescence other than from object.
The Leitz Orthoplan microscope is fitted with a Leitz 
Vario-Orthomat camera which incorporates a 5x to 12.5x zoom used 
for all photomicrographs.
The virtinite reflectance measurements were made using a 
Leitz Ortholux I microscope fitted with a Leitz MPV1 
microphotometer which was powered by a Knott NUP high stability 
power supply. Output from microphotometer passes to a Kipp and 
Zonen AL3 galvonometer at a 5x scale unit.
Reflectance measurements were carried out using plain 
polarized light of 546 nm wavelength and oil immersion with a 
refractive index of 1.518 at a room temperature of 23+1°C. The 
synthetic garnet standard of YAG (0.917%) and GGG (1.726%) 
reflectance and a synthetic spinel of 0.413% reflectance were 
used to calibrate the microphotometer. The galvanometer was set 
to give a reading of one half the reflectance multiplied by 100.
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FIGURE 3. REFLECTED LIGHT ILLUMINATION, FLUORESCENCE 
MODE (From Cook, 1980).
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Vitrinite macerals give the best reflectance measurements 
since they undergo changes consistently with rank (Smith and 
Cook, 1980), and show some inherent variability in reflectance 
according to type (Brown et al., 1964).
The normal procedure of reflectance measurement was given by 
Cook (1982a). The field containing a vitrinite maceral was 
centred and focused; the stage of microscope was rotated to 
obtain a maximum reading and then rotated through 180° for the 
second maximum reading. The result would be accepted if the two 
readings were within +5% relative difference. The mean maximum 
reflectance (% Rvmax), including variance and standard deviation 
of the acceptable maximum pairs were calculated using a Texas 
Instrument PC-100C calculator.
d. Point Counting
The abundance of organic matter in each solid block sample 
was examined using conventional point counting techniques. The
volumetric composition of macerals in each sample was ass ess^dA by
visual approximation, using reflected white light and 
fluorescence mode illumination. Hence the analysis provides 
semiquantitative data on the relative amounts of the different 
macerals within the total dispersed organic matter (d.o.m.).
The total surface area of the block sample traversed was 
2 cm x 2 cm and the grain density was about 90%. The volumetric
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abundance of different maceral groups and the total d.o.m. 
abundance was visually estimated in approximately 50 grains from 
several traverses in each block.
A visual aid to assist the assessment of volumetric 
abundance is show in Figure 4. The levels of volumetric
abundance: absent, rare (<0.1%), sparse (0.1—0.5%), common 
(0.5-2%), abundant (2-10%) and major (>10%).
For coal and coaly samples, at least 500 points were counted 
for each maceral analysis, using an automatic point counter. All 
traverse points were examined under reflected white light and 
fluorescence mode.
1.5.2 Reservoir Rock Petrography
a. Sampling
A total of 128 samples were collected from the five bore 
holes (Table 2, Appendices 1A, IB, 1C, ID, IE) at various depth 
intervals. The samples comprise 108 core samples and 20 cuttings 
samples. During a short visit to Port Campbell and Otway Range 
areas, 20 hand specimen samples were collected from equivalent 
stratigraphic units at several outcrops (Appendix IB and Figure
5).
All thin section numbers, except those labelled B.M.R. in
FIGURE 4 . A VISUAL AID TO ASSIST THE ASSESSMENT 
Oi VOLUMETRIC ABUNDANCE OF ORGANIC 
MATTER.
FIGURE 5. LOCATIONS OF OUTCROP SAMPLES COLLECTED FROM PORT CAMPBELL AREA
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Appendix IB, were listed in the petrology collection at the 
Department of Geology, University of Wollongong.
b. Thin section preparation
A thin section is a very thin slice of rock, fossil or 
mineral mounted on a glass slide for study under a microscope. 
The study of thin sections is a particular technique for 
determining mineral content, texture, fabric, structure, fossil 
content, organic matter, diagenesis, porosity and other aspects 
of a rock.
The sequence of procedures for making a thin-section is 
shown in Figure 6. Samples of consolidated sedimentary rock
could be directly used to give a thin slice. In some instances, 
the cuttings of porous, poorly cemented core samples had to be 
impregnated with an epoxy resin before cutting them into a thin 
slice.
c. Microscopy
All thin-sections were examined under a transmitted light 
Polarising microscope model RP48 manufactured by Zeiss. The 
microscope has objective lenses with nominal magnification in the 
range 2.5x to 40x, and occulars of 12.5x magnification. The 
objective lenses of low power (2.5x and lOx) were sufficient to 
identify the coarse-grained minerals and fragments, while the 
higher power lenses (25x and 40x) were used for fine to very fine
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FIGURE 6. FLOW DIAGRAM FOR MAKING THIN SECTIONS
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grained particles. The occulars (binocular) contain two cross 
hairs which are oriented E-W and N-S, i.e., parallel to the 
vibration directions of the polariser and analyser. One of the 
cross hairs (E-W) has a stage micrometer scale, which is useful 
for measuring grain size.
d. Point Counting
The method of point counting in thin or polished sections to 
determine quantitatively the percentage of various minerals 
present in a rock has been discussed by many workers, e.g., 
Chayes (1949, 1955, 1956), Chayes and Fairbairn (1951), Bayly 
(1960) and Ireland (1971).
The Glagolev-Chayes method was used for studying all thin 
sections. Point count analysis of all samples was conducted 
using a Swift Automatic Point Counter which has 12 channel 
digital memories. The intersection of the cross-hairs was taken 
as the point identification for grains, and one count was 
recorded for that particular grain or mineral. For medium- to 
coarse-grained rocks, the point counting stage was moved 
horizontally at 0.5 mm intervals and vertically at 2 mm between 
counted lines. On fine-grained rocks, the interval stage was 
closer, i.e., horizontally at 0.2 mm spacing with 2.5 mm between 
counted lines.
An average of seven hundred points was counted in each thin
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section which covered an area of about 400 mm?. The calculated 
percentages of the major constituents of all samples are 
presented in Appendix 2B.
e. X-Ray Diffraction
A total of 26 selected samples W Q S  analysed by X-ray 
Diffraction methods using a Philips X-ray Generator equipped with 
a ganiometer FW1050/70, scintilation counter and chart recorder. 
Procedure used for X-Ray diffraction analysis is presented in 
Figure 7•
Five grams of each sample were crushed into powder in an 
agate mortar and placed in the hole of an aluminium specimen 
holder as Method B given by Hutchison (1974, p.145). All twenty 
six samples were then analysed by X-ray diffraction between 2°20 
and 70° X & j using copper K radiation at 40 KV and 30 mA. Scan 
speed was 1° 20 per minute and chart speed was 1 cm per minute. 
The range was set at 2x10^ counts per second (c.p.s.) with the 
time constant (T.C.) set at 2.
%The clay size fractions were then separated by setting
K
through a column of water, and was,coated onto a freshly ground 
ceramic disk using the vacuum sedimentation method described and 
discussed by many workers (e.g., Kinter and Diamond, 1956; Gibbs, 
1968; Pierce and Siegel, 1968; Carlton, 1975). All samples were 
dried in a silica gel dessicator for at least 24 hours. These
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FIGURE 7. FLOW DIAGRAM OF X-RAY DIFFRACTION 
ANALYSIS.
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samples were run using the above settings. For untreated clays, 
X-ray analyses were conducted between 2° 20 and 30° 20;
glycolated and heated (450°C for 1 hour) samples were run between 
2° 20 and 14° 20.
f . Scanning Electron Microscope
Fifteen selected core samples of sandstone (Appendix 1C) 
were examined with a Scanning Electron Microscope (SEM) in order 
to determine the size, shape and position of pores, cement, 
overgrowths and other authigenlc minerals. Such information was 
used to assess the diagenetic features of reservoir rocks in the 
Port Campbell area. The use of the SEM also enabled the study 
and quantitative description of pore space, joint and crack 
to be carried out and allowed estimations of the 
porosity and permeability of the rocks to be made (Mirkin et al., 
1978). In addition, the information about porosity is 
volumetric.
All rock samples submitted for SEM analysis were collected 
from cores. It was desirable that the samples had all been 
examined by thin section analysis before starting the SEM work. 
The SEM samples were gently broken by finger pressure or with a 
small rock-chopper into small sizes (as small as 20 mnP). Fine 
debris and dust on the surface were cleaned away with compressed 
air. Each sample was mounted on an aluminium stub with a label. 
Prior to examination with the SEM, the samples were coated with a
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conductive metal (silver) in the vacuum evaporative coater. This 
is necessary to obtain a clear image (Welton, 1984). The coated 
sample was placed in the sample chamber, evacuated and then 
examined with a Hitachi S-450 SEM machine.
The SEM comprises an electron optics column and an 
electronics console (Figure 8) as illustrated by Welton (1984). 
Everhart and Hayes (1972) have described the anatomy of the SEM 
in detail. The image of object on the sample examined was 
displayed on a TV screen using various magnifications, i.e., lOx 
to 20,000x. The SEM machine is connected with a Northern Tracor 
2000 micro-computer and cathode ray tube. The Tracor system was 
used to isolate and identify the individual elemental components 
of the examined material by analysing the spectral peaks on a TV 
screen. Photographs of the samples at various magnifications 
were taken using an integrated camera system (see SEM photographs 
in Figures 57, 58 and 59).
g. Cathodoluminescence
The technique of cathodoluminescence (CL) was also carried 
out to provide more information on the elements in the reservoir 
rocks being studied. This technique reveals variations in the 
trace element composition of the calcite and quartz cements.
Four selected samples were examined with a Nuclide ELM 2A 
Luminoscope at B.M.R. in Canberra. A Wild M400 Photomakroskop
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K EDX System ► K SEM > 1
Electron Optics Column
ilG U R E  8 . SCHEMAT IC  DIAGRAM 01 SCANNING ELECTRON  
MICROSCOPE SYSTEM ( a f t e r  U e l t o n ,  1 9 8 4 ) .
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was used for all CL photomicrographs (see Figure 47 E, F, G and 
H) • The luminoscope was equipped with a zoom lens with a range 




2.1 REGIONAL TECTONIC FRAMEWORK
The Otway, Bass and Gippsland Basins in southeastern 
Australia are filled with sediments ranging in age from Late 
Jurassic or Early Cretaceous to Recent. They have many 
similarities in their sedimentary history, but the tectonic 
evolution and development of each basin is distinctive.
Based on the hypothesis of continental drift, the tectonic 
framework of the southern margin of Australia has been discussed 
by Smith and Kemerling (1969), Von der Borch et al. (1970), 
Conolly et al. (1970), Griffiths (1971), Elliott (1972), Falvey 
(1974), Boeuf and Doust (1975), Deighton et al. (1976), Cande and 
Mutter (1982) and Veevers (1984). According to Elliott (1972), 
the three basins are the products of plate movements associated 
with the fragmentation of the Pacific margin of the ancient 
continental land mass, Gondwanaland, including Australia, 
Antarctica and portions of the rises and ridges forming the 
extensive New Zealand Plateau.
Plate tectonic models suggest that southern Australia was
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part




Palaeozoic and early Mesozoic, and that Gondwanaland appears to 
have begun to break up in the Jurassic, contemporaneously with 
the orogenic activity along its Pacific margin 
(Griffiths, 1971). Cande and Mutter (1982) demonstrated that 
breakup of Australia-Antarctica occurred sometime between 110 and 
90 Ma ago. Crook and Taylor (1985) established that breakup may 
have commenced at 125 Ma and continued until 55 Ma (Anomaly 24). 
It started when India separated from Australia and Antarctica, 
with very slow spreading 4.5 mm/yr).
Deighton et al. (1976) proposed three principal phases of 
basin development along the southern Australian continental 
margin: epi-continental, marginal continental and oceanic. These 
phases correspond to the margin development proposed by Falvey 
(1974), i.e., pre-rift, rift valley, and post-breakup. In this 
case, the rift valley as defined by Falvey (1974) pre-dates the 
breakup.
The most recent tectonic model of Frakes and Bolton (1985) 
suggests that the evolution of the basin has been influenced by 
strong and periodocial vertical movements. The five steps of
basin development proposed by Frakes and Bolton are as follows:
(1) A thermal doming of the continental margin perhaps to 
elevations exceeding 1 km in the Late Jurassic,
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(2) rifting, by tensional downfaulting forming the Otway Basin, 
in the Late Jurassic to Early Cretaceous,
(3) downfaulting of the basin floor to elevations below sea 
level and major concurrent subsidence of the northern margin 
in the Late Albian-Cenomanian,
(4) pulsed downfaulting of the basin in parallel with variable 
sediment input from the margin,
(5) stabilization of the basin resulting in carbonate 
sedimentation in the Late Tertiary.
Block-faulting of the intracratonic basins resulting in the 
formation of an initial rift valley appears to have taken place 
in Early Mesozoic times (Boeuf and Doust, 1975). Late Jurassic 
continental sediments preserved in down-faulted basement blocks 
have been taken as the first evidence of erosion and deposition 
during the initial phase of uplift and subsidence on the southern 
Australian margin. Block-faulting and subsidence continued 
during the Late Cretaceous led to the development of an extensive 
rift valley system which was parallel to the present Australian 
continental shelf. During the Early Cretaceous, continental 
sediments (Otway Group) derived from the bordering cratonic 
highlands filled the rift valley (Pre-rift valley according to 
Falvey, 1974) which extended at least from the Bright Basin in 
the west to the Gippsland Basin in the east (Boeuf and Doust, 
1975). Veevers (1984) considered that the Early Cretaceous 
sequences were the first deposits in the rift system, where the
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boundary with basement is recognized as the rift-onset 
unconformity. The abundance of volcanic detritus in sandstones 
throughout the section indicates that sedimentation was 
accompanied by contemporaneous volcanism. Subsidence of basement 
together with the sedimentary fill appears to have widened the 
site of sedimentation until the end of Late Cretaceous times.
To explain the subsidence of the crust during the rifting 
stage, with particular reference to southern Australia, some 
theoretical models have been presented. The rifting process has 
been related to crustal thinning due to sub-crustal erosion by 
convection currents (Von der Borch et al., 1970), or thermal 
expansion in the mantle and deep crustal metamorphism (Falvey, 
1974).
Six stages of a general model for continental margin 
development, with particular reference to southern Australian 
basins, have been illustrated by Deighton et al. (1976) in Figure
9. They are early rift valley (early Late Cretaceous), late rift 
valley (late Late Cretaceous), infra-breakup (Palaeocene), early 
neo-breakup (Eocene), late neo-breakup (Oligocene), and 
post-breakup (Miocene to Recent).
a. Early Rift Valley
Falvey (1974) and Deighton et al. (1976) suggested that
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elevation, erosion and crustal thinning of the primitive thermal 
dome would have been greatest near the incipient rift axis during 
the late Early to early Late Cretaceous. Deighton et al. (1976) 
concluded that during early rifting sediments would have been 
eroded from the top of the dome and deposited on the flanks of 
the initial rift.
b. Late Rift Valley
The late rift valley event occurred during the latest Late 
Cretaceous. Deighton et al. (1976) suggested that deposition of 
sediments was in the extensive downfaulted valley corresponding 
to a widening of the rift zone and a diminution of relative 
surface relief in the axial zone. The greatest thickness of Late 
Cretaceous sequences occurs away from the rift axis because: the 
rift axis area is the most affected by thermal uplift; denudation 
and crustal thinning is greatest near the axis and the effects of 
thermal metamorphism, which occurs later, are reduced; and 
initial flanking rift valley stage deposition accompanied by 
increasing deep crustal metamorphism results in thermal 
blanketing which drives continued subsidence. During the early 
to late rift valley stage, the Sherbrook Group sequence was 




At the end of the Cretaceous, subsidence of the axial rift 
commenced. It was followed by vertical movement in the axial 
regions through the Palaeocene and earliest Eocene as the first 
mid-oceanic ridge was formed (about 55 Ma). These changes gave 
rise to subaerial and submarine erosion in a time transgressive 
and discontinuous fashion, which was referred to by Falvey (1974) 
as the breakup unconformity between the Sherbrook Group and the 
Wangerrip Group. Marginal marine deposition continued farther 
from the axial region where no erosional break is apparent.
d. Early Neo-Breakup
Deighton et al. (1976) believed that carbonate sedimentation 
commenced in the early neo-breakup stage in which the ocean basin 
was wide enough to facilitate surface oceanic circulation. This 
event was transgressive diachronously from the mid-Eocene onwards 
concomitant with shelf subsidence due to lithospheric cooling.
e • Late Neo-Breakup
Seafloor spreading continued which gave rise to a wider and 
deeper ocean basin in the Late Eocene to Oligocene. This phase 




Because of the more active spreading ridge, shelf subsidence 
proceeded and shelf progradation occurred. Falvey (1974) 
reported that the post-breakup in the Otway Basin is represented 
by the Nirranda and Heytesbury Groups.
2.2 REGIONAL STRUCTURE AND TECTONISM
Structural trends recognised on the continental margin of 
southern Australia described by Boeuf and Doust (1975) are 
generally uniform and follow roughly those of the present day 
coast line. They are generally E-W in the Albany-Esperance area, 
become NW-SE in the Bight and swing from NW-SE to N-S in the 
Otway Basin.
Faulting has been the dominant structural expression 
throughout the history of the Otway Basin, and the limited 
folding appears to be intimately associated with faults (Leslie, 
1966; White, 1968). A simple model for the Early Cretaceous 
tectonic development of the Otway Basin has been explored by 
Blake (1985). The model demonstrated the comparison of 
orientations between rift systems at the northern end of the Red 
Sea and the present Western Victoria-Tasmania region.
A primary tensional fault system dominated the southern
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Australian continental margin and effected all Mesozoic deposits 
down to basement (Boeuf and Doust, 1975). Geological cross­
sections of the Otway and Great Australian Bight Basins given by 
Boeuf and Doust show that the grabens and half grabens formed 
during this early phase of subsidence are filled with thick 
sequences of continental and deltaic sediments. At a later stage 
these sediments have been locally deformed by renewed tensional 
faulting and collapse of the basement, often giving rise to 
slumps or synsedimentary fault patterns. Generally, the throw of 
synsedimentary faults progressively decreases in the younger 
sediments (Ellenor, 1976).
During the Late Cretaceous and Tertiary differential uplift 
and subsidence, associated with block faulting, were responsible 
for dividing onshore parts of the Otway Basin into seven 
structural units (Spencer-Jones et al., 1971; Ellenor, 1976; 
Douglas et al., 1976): the Gambler Embayment, Merino Uplift, 
Dartmoor Ridge, Tyrendarra Embayment, Warrnambool High, Port 
Campbell Embayment and Otway Ranges High (Figure 10).
Two main structural provinces were recognised by Reynolds 
(1967) in the Otway Basin. In the western province, faulting is 
the main structural influence, folding is subordinate, and trends 
are mainly northwest. In the eastern province, fold-like 
features are more common and, together with the faulting, show 
predominant northeast trends (Figure 11). These structural
FIGURE 10- MAJOR STRUCTURAL FEATURES OF OTWAY BASIN (from Spencer-Jones and Kenley, 1971 and Douglas et aL, 1976).
FIGURE 11. MAIN STRUCTURE TRENDS OF SOUTH-EASTERN 
AUSTRALIA (From Reynolds, 1967).
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provinces are separated by the Warrnambool High. The eastern 
margin of the basin is defined by the Selwyn Fault in the Port 
Phillip Embayment which is delimited by the Bellarine High, Otway 
Range Uplift and Warrnambool High (Leslie, 1966; Bryan and 
Reynolds, 1971). Bryan and Reynolds (1971) suggested that the 
Selwyn Fault extends for about 30 km towards the eastern side of 
King Island following the steep magnetic gradient line.
Displacement on the fault is suggested to be more than 450 m 
and the movement on the fault was Late Tertiary or Quaternary 
(Bryan and Reynolds, 1971). Apart from the main Selwyn Fault, 
several short faults have also been identified by seismic surveys 
along the line of steep magnetic gradients. Bryan and Reynolds 
believe that the age of the faults appears to be late Early 
Cretaceous extending into the Late Cretaceous. In the western 
portion of the Otway Basin area, Leslie (1966) and Bryan and 
Reynolds (1971) recorded major northwest-southeast lineaments 
including the Kanawinka-Lucindale Faults. According to Boutakoff 
and Sprigg (1953), the Kanawinka Fault was responsible for the 
development of the "Gambler Sunklands", and had a southwest throw 
of 600 m to 1000 m. Weeks and Hopkins (1967) noted the major 
Lucindale normal fault has a maximum throw at the level of the 
basement surface of about 3000 m, and the maximum depth to 
basement on the downthrown side is more than 6000 m.
In detail, the structure, stratigraphy and development of
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the offshore part of the basin were discussed by Von der Borch et 
al. (1970) and Boeuf and Doust (1975) on the basis of 
interpretation of seismic and other geophysical data. Boeuf and 
Doust recorded that down-faulted blocks are locally present in 
the inner shelf areas of the Bight (Polda Trough) and Otway Basin 
(Penola Trough)• These faults are bounded by east-west running 
faults which may have been spasmodically active from Late 
Jurassic or Early Cretaceous times into the Early Tertiary.
Shelf areas and part of the marginal plateau of the Otway 
Basin are underlain by a zone of landward-tilted basement blocks 
and thick Mesozoic sedimentary fill. In these areas, some faults 
affect the Cretaceous and Tertiary sequences. Anticlinal 
features are common along these faults and growth faults are 
observed. Some of the anticlinal structures recognised by Boeuf 
and Doust (1975) on the shelf are not genetically related to 
block-faulting, but they may be associated with compressional 
stresses resulting from transcurrent movements.
The upper part of the continental slope is characterised by 
elongated synsedimentary rotational faults parallel to the 
continental margin and a seaward shallowing continental 
basement. At the base of the continental slope, a belt of low- 
angle thrust faults is present. According to Boeuf and Doust 
(1975), some of these faults can be directly related to the 
synsedimentary faults of the upper slopes with which they are
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assumed to be connected. Moreover, the younger Tertiary section 
truncates this belt of thrust faults and is undisturbed. The 
zone of growth faults and related toe-thrust was not observed in 
the deeper area west of Tasmania where the slope is very gentle.
The continental slope proper is characterised by an
• f cundisturbed Tertiary sequence overlying a slighly tilted section 
of possible Early Cretaceous age which is bounded by normal 
faults with southward throw. In some cases, according to Boeuf 
and Doust (1975), faulting appears to have been synsedimentary 
with
considerable throws at both basement and Early Cretaceous levels 
resulting in significant sediment thickening in the downthrown 
blocks and related rollover anticlines. As mentioned in the 
previous section, throws on these faults progressively decrease 
in the younger sediments and they mainly cease within the Late 
Cretaceous sequence. Furthermore, in the abyssal plain areas, 
flat-lying Tertiary sediments overlie basement of typical oceanic 
character.
2.3 REGIONAL STRATIGRAPHY AND SEDIMENTATION
The Otway Basin consists of Mesozoic and Tertiary 
sedimentary rocks. Sedimentation in the basin commenced during 
the Late Jurassic (?) - Early Cretaceous in a single large trough 
which may have been connected eastward with the Gippsland Basin 
(Leslie, 1966; White, 1968; Hawkins and Dellenbach, 1971;
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Reynolds and Bryan, 1971; Wopfner et al., 1971; Kenley, 1971; 
Ellenor, 1976). The thickest sediments, about 800 m, were 
deposited in an east-west oriented trough in the deeper parts of 
the Otway Basin (Leslie, 1966).
Basement rocks of the Otway Basin have been reported by 
Hawkins and Dellenbach (1971) from petroleum exploration drill 
holes. They were penetrated in Kalangadoo No.l, 2059 m (6755 ft) 
to 2771 m (9090 ft); Casterton No.l, 2446 m (8022 ft) to 2495 m 
(8183 ft); Pretty Hill No.l, 2401 m (7874 ft) to 2477 m (8124 
ft); and Ferguson Hill No.l, 3510 m (11,513 ft) to 3543 m (11,622 
ft). The basement is composed of metamorphosed and sericitized 
siltstone and claystone, biotite-sericite schist, and 
lamprophyre.
Overlying the basement rocks is the Late Jurassic to Early 
Cretaceous Otway Group consisting of continental lithic sandstone 
and intercalated shale. The Otway Group is unconformably over­
lain by the Late Cretaceous to Palaeocene transgressive- 
regressive sequence of sandstone and shale (Sherbrook and 
Wangerrip Groups) west of the Otway Ranges, whereas continental 
siliciclastic lithologies (Eastern View Formation) overlie the 
Otway Group in the Torquay Embayment (Ellenor, 1976). 
Subsequently, the Late Eocene sedimentary succession, consisting 
mainly of marine sandstone and marl (Nirranda Subgroup), lies 
disconformably on the Wangerrip Group and is overlain disconform-
FIGURE IZ. STRATIGRAPHIC COLUMNS FOR VARIOUS PARTS OF THE OTWAY BASIN.
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ably by Oligocene to Miocene limestone and marl of the Heytesbury 
Group.
Correlation and comparison of stratigraphic columns for 
various parts of the Otway Basin are illustrated in Figure 12.
2.3.1. Late Jurassic to Early Cretaceous Basal Unit
The earliest sedimentary unit in the Otway Basin is the 
informally named unit "T" (BMR, 1966; Reynolds, 1967; Hawkins and 
Dellenbach, 1971) comprising a lower sequence predominantly of 
sideritic mudstone and shale with carbonaceous and coaly 
laminae; and an upper sequence of poorly sorted lithic sandstone, 
with thin interbeds of mudstone, and conglomerate composed mainly 
of metamorphic rock fragments (Reynolds, 1967; Hawkins and 
Dellenbach, 1971). The sediments were deposited in quiet water 
paralic and alluvial environments. The age of Unit
"T" was determined from palynology and plant fossils to range 
from Jurassic to Early Cretaceous (Evans, 1966; Hawkins and 
Dellenbach, 1971).
2.3.2 Late Jurassic to Early Cretaceous Otway Group
The Late Jurassic to Early Cretaceous Otway Group 
unconformably overlies Unit "T" and comprises a number of 
distinct lithologic sequences. The lower part of the Otway Group 
is recognised as the Geltwood Beach Formation (Unit "P") in the
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Mt Gambler area and as the Pretty Hill Sandstone (Unit "R") in 
the Pretty Hill area (BMR, 1966; Reynolds, 1967; Hawkins and 
Dellenbach, 1971). In the isolated areas along the northern 
basin margin, the lower part of the Otway Group is described as 
the Basal Unit (ELlenor, 1976) which consists of black fissile 
shale, weathered olivine basalt and some feldspathic quartz
sandstone.
a. Geltwood Beach Formation
The Geltwood Beach Formation consists mainly of chloritic 
mudstone. Subordinate immature fine- to very coarse-grained 
labile sandstone (Hawkins and Dellenbach, 1966, 1971), and medium 
to thick bedded quartzose sandstone also occur with some 
interbeds of carbonaceous shale, siltstone and coal (Ellenor, 
1976).
The main characteristic of sandstone in this formation is 
the abundance of pink and brown grains of garnet. Other basic 
components are admixtures of metamorphic rock fragments and fresh 
volcanic rock fragments. Bedding truncations, scour-and—fill 
structures, load casts, microfaults and slump structures, ripple 
marks and cross-beds are the sedimentary structures recorded by 
Hawkins and Dellenbach (1966, 1971) and Ellenor (1976).
The Geltwood Beach Formation was deposited in inner paralic
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to alluvial environments (Hawkins and Dellenbach, 1971; Reynolds 
and Bryan, 1971). Hawkins and Dellenbach also suggested that the 
occurrence of immature labile sandstone indicates a transitional 
environment in which marine and non-marine influences 
alternated. In addition, the appearance of acritarchs from some 
core samples implies proximity to a marine environment.
b. Pretty Hill Sandstone
The Pretty Hill Sandstone is petrologically similar to the 
Geltwood Beach Formation, but lacks fresh volcanic detritus and 
interbedded mudstone (Hawkins and Dellenbach, 1971). Lithic 
sandstone with kaolinite and minor siderite cement is the main 
lithology in this unit. The sandstone is light grey, friable, 
moderately sorted, coarse-grained and consists of subangular 
particles•
c. Eumeralla Formation
The Eumerella Formation is exposed in the Casterton area and 
the Otway Range (Hawkins and Dellenbach, 1966; 1971; Douglas, 
1977). The formation (Unit "M") lies conformably on the Pretty 
Hill Sandstone and is uniform over the whole basin. It consists 
of chloritic mudstone and shale with subordinate thinly bedded 
lithic sandstone and coal (Hawkins and Dellenbach, 1966, 1971; 
Reynolds, 1967; Ellenor, 1976; Benedek and Douglas, 1976;
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Douglas, 1977). Coal occurs in seams and lenses ranging from 
60 cm to 3 m in thickness. According to Edwards and Baker 
(1943), the rank of the coal is bituminous and it is generally 
very finely banded. Vitrain occurs in only a small proportion of 
these bands. Hawkins and Dellenbach (1971) described the lower 
sandstone beds as predominantly greywacke, while subgreywacke and 
lithic volcanic sandstone are more common in the upper part. The 
top of the Eumeralla Formation is rich in carbonates in the 
western part of the basin.
In Anglesea No.l, the Eumeralla Formation was divided by 
Dellenbach (1965) and Hawkins and Dellenbach (1966, 1971) into 
sub-units "Mi" and M2". Sub-unit "Mi" is marked by the abundance 
of volcanic detritus. Edwards and Baker (1943) suggested that 
volcanic material was derived from the erosion of volcanic 
terrain forming the Late Palaeozoic basement. Later evidence 
suggested that contemporaneous Early Cretaceous volcanic flows 
were the source rocks (Hawkins and Dellenbach, 1971).
The Eumeralla Formation was deposited under a consistent 
pattern of sedimentation during the Early Cretaceous whereby 
conditions of low energy, interrupted by short periods of high 
energy, have prevailed throughout the basin. The age of the 
formation has been established by Evans (1966) and Hawkins and 
Dellenbach (1971) as Early Cretaceous extending up into early
Late Cretaceous.
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2.3.3 Late Cretaceous Sherbrook Group
After deposition of the Otway Group, a period of 
differential uplift and erosion took place in the Otway Basin, 
resulting in the formation of several sub-basins (Ellenor, 
1976). The Otway Ranges became a prominent structural feature at 
this time effectively dividing the basin into two distinct 
sedimentary provinces or sub-basins. One striking difference 
between the two sub-basins is that east of the Otway Ranges thick 
fluvio-deltaic sediments (Eastern View Formation) were deposited 
during the Late Cretaceous to Palaeocene (Ellenor, 1976), while 
west of the Otway Ranges two transgressive-regressive sedimentary 
cycles (Sherbrook Group) were laid down.
The stratigraphic nomenclature of the Late Cretaceous Units 
adopted here follows Hawkins and Dellenbach (1966, 1971), 
Reynolds et al. (1966) and Reynolds (1967). The Sherbrook Group 
was erected by Hawkins and Dellenbach (1966) for the Late 
Cretaceous rock unit. The group has been sub-divided into the 
Curdies Formation, Paaratte, Belfast Mudstone, Mount Salt 
Formation, Flaxmans Formation and Waarre Formations in descending 
order.
a . Waarre Formation
The Waarre Formation lies unconformably on the Eumerella 
Formation (Figure 12) and is overlain unconformably by the
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higher units of Sherbrook Group in the western and Port Campbell 
parts of the basin (BMR, 1966; Reynolds, 1967; Hawkins and 
Dellenbach, 1971). Some authors have indicated a conformable 
relationship with the overlying Flaxmans Formation (e.g., Bock 
and Glenie, 1965; Elenor, 1976; Denham and Brown, 1976) (see 
Figure 12) whereas others have indicated an unconformable 
relationship on the basis of unspecified seismic evidence (e.g., 
Douglas et al., 1976). In this study it is assumed that the 
sedimentary relationship between the Waarre Formation and the 
overlying Flaxmans Formation is conformable (see Figure 24). 
McQueen (1961), White (1968), Glenie (1971), Ellenor (1976), 
Denham and Brown (1976) and Kenley (1976) place this formation in 
the first phase of the Late Cretaceous depositional cycle of the 
Sherbrook Group and this assignment is accepted here.
The Waarre Formation (Unit "J") is divided into a lower 
and upper sequence (Hawkins and Dellenbach, 1971). The lower 
sequence consists of chloritic quartzarenite cemented by calcite, 
with minor carbonaceous siltstone, mudstone and coal. The upper 
sequence comprises quartzarenite and carbonaceous siltstone and 
mudstone. The sandstone is fine-grained to conglomeratic, with a 
significant absence of volcanic fragments.
The environment of deposition of this formation is paralic, 
whereby probable marine or partly marine mudstone and sandstone 
beds are intercalated with coaly layers. The sequence of coarser
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terrigeneous sand followed by a conglomerate Indicates a 
subsequent regression of the sea (Hawkins and Dellenbach, 1966, 
1971).
The age of the Waarre Formation was determined by Evans (in 
Reynolds, 1971) as Early Cretaceous extending up into Late 
Cretaceous•
b. Flaxmans Formation
The Flaxmans Formation was erected by Bock and Glenie 
(1965), and described by Hawkins and Dellenbach (1966, 1971) as 
sandstone and sandy mudstone. The sandy mudstone contains 
ferruginous chloritic ooids and pellets associated with siderite 
and minor phosphate all of which are diagnostic of the 
formation. Leslie (1966) described the Flaxmans Formation as a 
unit consisting of brown to greenish-grey sandy glanconitic 
siltstone and immature labile sandstone, sideritic or limonitic 
in part.
The age of the formation is Late Cretaceous based on 
palynological determination by Evans (1966, 1971). Dettmann and 
Douglas (1976) determined the age to range from earliest 
Cenomanian to Turonian or younger.
The environment of deposition of the Flaxmans Formation was
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shallow marine with recurrent high-energy conditions (Hawkins and 
Dellenbach, 1971). Dettmann and Douglas (1976) suggested that 
part of the unit may be intertidal, deposited under fairly 
low-energy conditions allowing the precipitation of iron from a 
nearby weathered landmass.
c. Belfast Mudstone
The Belfast Mudstone (Unit ”Gf”) conformably overlies the 
Flaxmans Formation in the centre of the basin and was described 
by Hawkins and Dellenbach (1966, 1971) as a unit consisting of a 
massive dark grey mudstone with abundant authigenic glauconite, 
finely disseminated pyrite and some organic matter. Minor sandy 
or silty interbeds are present within the sequence. The 
formation contains fragments of ammonites, small pelecypods, 
gastropods, foraminifera, ostracods, and fish teeth and scales. 
Burrows are the only sedimentary features recorded (Hawkins and 
Dellenbach, 1966).
The thickness of the Belfast Mudstone ranges from 10 m to 
696 m (Hawkins and Dellenbach, 1971). In the Mount Gambler area, 
the Belfast Mudstone interfingers with the Flaxmans Formation to 
form the Mount Salt Formation. Furthermore, both Taylor (1964a, 
b) and Bock and Glenie (1965) noted that the Belfast Mudstone 
interfingers with the Paaratte Formation in the northern part of 
the Port Campbell area.
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According to Hawkins and Dellenbach (1971), the Belfast 
Mudstone was deposited from calm, slightly alkaline waters under 
reducing bottom conditions contemporaneously with chemical 
precipitation of glauconite and sulphides. Taylor (1964b), 
Leslie (1966) and Dettmann and Douglas (1976) suggested that the 
Belfast Mudstone is of marine origin, but that it was deposited 
in a restricted basin rather than the open ocean. The 
mineralogical content suggests anaerobic conditions, but the 
oscillations in the arenaceous to calcereous foraminiferal 
ratios suggest that there were aerobic intervals (Taylor, 
1964a). Taylor (1964a) concluded that a barred-basin type of 
environment was the most plausible.
d. Mount Salt Formation
The Mount Salt Formation (Unit ”Gg”) is known only from the 
subsurface in the western Otway Basin. It was described by 
Hawkins and Dellenbach (1966, 1971), Reynolds et al. (1966), and 
Reynolds (1967), and consists of interbedded and interlaminated 
sandstone and mudstone, shaly in part. The sandstone is immature 
and lithic was probably derived from a metamorphic source which 
has also contributed to the younger units.
The recorded thickness of the Mount Salt Formation ranges 
from 20 m to 1074 m (BMR, 1966). Hawkins and Dellenbach (1966, 
1971) described cyclic sedimentation during deposition of the
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lower 793 m of the formation with sandstone beds 15 m to 30 m 
thick followed by 10 m to 15 m of argillaceous siltstone and 
shale. Small-scale low-angle cross-bedding, churned bedding and 
burrows are common throughout the sequence (Hawkins and 
Dellenbach, 1966). Shallow-water, sedimentary structures,
features indicating intermittently turbulent conditions, and 
cyclic deposition in the lower part of the formation indicate 
sedimentation in a shallow sea or outer paralic zone (Hawkins and 
Dellenbach, 1966, 1971).
e. Paaratte Formation
The Paaratte Formation (Unit "Gd”) represents a regressive 
phase (Ellenor, 1976), consisting mainly of sandstone and 
siltstone (Hawkins and Dellenbach, 1966, 1971). The sandstone is 
composed of angular to sub-rounded, fine— to very coarse-grained 
quartz, lithic and minor feldspar fragments. Rounded 
chloritic-rock fragments, glauconite and chlorite pellets are 
typical of the Paaratte Formation. The chloritic sandstone of 
the Paaratte Formation was separated by Bock and Glenie (1965) 
into the Mullawarre Greensand Member, representing a landward 
facies of the Belfast Mudstone. Dettmann and Douglas (1976) 
suggested that in different parts of the basin the sandstone and 
siltstone of the Paaratte Formation sensu stricto can be on top 
of, intercalated with, or laterally adjacent to the marine 
Belfast Mudstone or the lagoonal Mullawarra Greensand Member.
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Hawkins and Dellenbach (1966) described sedimentary 
structures in the Paaratte Formation from core samples* The 
upper section consists of low-angle cross-beds with fine 
lamination, scour-and-fill structures, churned bedding, burrows 
and current ripple marks. In the lower part of the formation 
high-angle cross-bedding, lamination, convolutions, ripple marks, 
small-scale scour-and-fill structures, slump structures, churned 
bedding and burrows are all present. The thickness of the 
Paaratte Formation ranges from 25 m to 935 m.
Based on foraminiferal (Taylor, 1964a) and palynological 
(Evans, 1966, 1971) studies, the Paaratte Formation is Late 
Cretaceous. Glenie (1971) determined a Senonian age for this 
formation, while Dettmann and Douglas (1976) regarded that 
deposition of the formation commenced at or near the beginning of 
the Coniacian stage and continued until Maestrichtian.
The probable environment of deposition of the Paaratte 
Formation was established by Taylor (1964b) as marginal marine or 
paralic, deposited in deltaic, lagoonal and shallow neritic areas 
(Hawkins and Dellenbach, 1966, 1971; Glenie, 1971; Dettmann and 
Douglas, 1976).
f. Curdles Formation
The uppermost unit of the Late Cretaceous Sherbrook Group is 
the Curdles Formation (Unit MGb”) consisting of argillaceous
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sandstone with coal fragments and seams, and subordinate silty 
mudstone. Bock and Glenie (1965) and Glenie (1971) named the 
unit the Timboon Sand Member of the upper part of the Paaratte 
Formation. Leslie (1966), Dettmann and Douglas (1976) and 
Ellenor (1976) described the Curdies Formation as continental 
coarse-grained quartz sand and gravel, with minor coal and 
siltstone. •
The thickness of the Curdies Formation ranges from 30 m to 
500 m. Hawkins and Dellenbach (1966) recorded the following 
sedimentary structures occurring in the formation: common 
laminae, cross-bedding and rare scour-and-fill structures, 
burrows outlined by pyrite.
The Curdies Formation was deposited under inner paralic to 
alluvial conditions. The age was determined from spore studies 
to be Late Cretaceous.
2.3.4 Palaeocene to Eocene Wangerrip Group .
A marine transgression occurred after a short hiatus in the 
Early Palaeocene (Reynolds and Bryan, 1971). It coincided with a 
marked change in the structural centre of sedimentation within 
the Otway Basin. Leslie (1966) and Abele et al. (1976) noted 
that Tertiary sedimentary rocks in Victoria are generally 
assigned to one of three lithologic associations, corresponding
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to deposition in a continental, paralic (largely marginal marine) 
or marine environment. For example, in the Torquay Sutr-basin, 
continental deposits are followed by paralic and marine 
associations. Elsewhere the sequences can be referred to two or 
even just one depositional environment.
Generally, the Palaeocene to Eocene Wangerrip Group 
consists of terrigenous elastics ranging from channel gravel to 
clay and brown coal laid down on alluvial plains or deltas (Abele 
et al., 1976). Marginal marine and minor paralic sediments 
similar to those of the Wangerrip Group accumulated during the 
Eocene and Oligocene in the Torquay Sub-basin and in the 
northeastern part of the Otway Basin (called Demons Bluff 
Formation), and to a lesser extent in the Murray and Gippsland 
Basins. Leslie (1966) suggested that the Wangerrip Group in the 
eastern portion of the basin is equivalent to the upper part of 
the Knight Group in the west.
Many previous workers (Leslie, 1966; Reynolds et al., 1966; 
Hawkins and Dellenbach, 1966, 1971; Abele et al., 1976; Ellenor, 
1976) subdivided the Wangerrip Group into two formations - the 
Pebble Point and Dylwin Formations. These formations are known 
informally as Unit "Dd" and "Db" respectively (in BMR, 1966).
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a. Pebble Point Formation
The Pebble Point Formation (Unit "Dd") consists of pebbly 
sandstone, pelletal oolitic sandstone, ooids, siderite rock and 
siltstone (Hawkins and Dellenbach, 1966, 1971). In its type 
area, described by Abele et al. (1976), the formation consists of 
quartz sandstone and fine conglomerate which may be ferruginous, 
glauconitic, calcareous or fossiliferous.
Maximum thickness of the Pebble Point Formation is 215 m 
(Leslie, 1966). Hawkins and Dellenbach (1966; 1971) determined 
thickness as ranging from 25 m to 106 m. The Pebble Point 
Formation is of middle to Late Palaeocene age (McGrowran, 1965; 
Hawkins and Dellenbach, 1966) and was deposited in shallow water 
during a marine transgression.
b. Dylwin Formation
The upper part of the Wangerrip Group, the Dylwin Formation 
(Unit "Dd"), consists mainly of sandstone, carbonaceous sandy 
siltstone and shale. The formation was sub-divided by Hawkins 
and Dellenbach (in BMR, 1966) into sub-units "Db^" (upper) 
comprising sandstone with subordinate siltstone, and "Db2" 
(lower) including argillaceous dark brown to grey sandstone,
siltstone and shale.
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Sedimentary structures include flat lamination, burrows 
and trace fossils, minor load casts, low-angle cross-bedding, 
convolute laminae and scour—and— fill structures.
The Dylwin Formation contains some characteristic arenacous 
foraminifera and molluscan species. The age of the formation is 
thought to range from Palaeocene to Middle Eocene (Hawkins and 
Dellenbach, 1966), and the formation was deposited under paralic 
to marine deltaic conditions. In the centre of the Otway Basin, 
the Dylwin Formation may have been deposited rapidly from at 
least two northerly sources in the vicinity of the present 
Western Highlands (Holdgate, 1981).
c. Eastern View Formation
This formation is only exposed in the Anglesea area around 
the northeastern Otway Range to the Torquay sub-basin in the 
east. Sandstone, siltstone, clay and conglomerate including the 
brown coal measures are the main lithologies of the unit (see 
section 2.4.3).
2.3.5 Late Eocene Nirranda Sub-Group
After deposition of the Wangerrip Group, uplift commenced 
along the divide between the Otway and Murray Basins, and 
resulted in the deposition of the basal Tertiary sandstone of the
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Murray Basin (Reynolds and Bryan, 1971). Reynolds and Bryan 
considered that the earliest phase of the uplift may have been 
responsible for the regression in the Otway Basin at the end of 
Wangerrip deposition.
Late Eocene sedimentary rocks of the Nirranda Sub-group rest 
unconformably on the Wangerrip Group lithologies over most parts 
of the basin (Ellenor, 1976). The name Nirranda Group was 
proposed by Bock and Glenie (1965) for the stratigraphic interval 
comprising the Mepunga Formation and Narrawaturk Marl, between 
the Wangerrip and Heytesbury Groups. The Nirranda Group is 
synonym to the Browns Creek Group of Leslie (1966) in the Port 
Campbell Embayment and Aire district. Abele et al. (1976) 
relegated the Nirranda Group to subgroup status within the 
Heytesbury Group. The Nirranda Sub-group is well developed in 
the coastal part of the Port Campbell Embayment and the adjoining 
offshore area.
According to Bock and Glenie (1965) the contacts above, 
below and within the Nirranda Sub-group may be conformable to 
disconformable, and in some areas are characterised by lateral 
interfingering. Locally, the sub-group rests unconformably on 
the Otway Group near the Otway Ranges High, and wedges out or 
perhaps grades laterally into the upper part of the Dylwin 
Formation, such as in the Latrobe 1 bore section. To the north 
of the central coastal area of the Port Campbell Embayment, the
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Nirranda Sub-group wedges out or becomes inseparable from basal 
strata of the Heytesbury Group (Abele et al., 1976).
The sequence was deposited during a transgressive phase in 
the Otway Basin.
a. Demons Bluff Formation
The Demons Bluff Formation only occurs in the northeastern 
part of the Port Campbell region extending from the Anglesea area 
across the saddle between the Otway Range and Barrobol Highs. It 
consists of brownish grey to brownish black carbonaceous burrowed 
siltstone to fine-grained sandstone (see section 2.4.4).
b. Mepunga Formation
The Mepunga Formation consists of reddish brown limonitic 
quartz sandstone, calcareous limonitic sandstone and limonitic 
sandy limestone (Abele et al., 1976). Some of the strata are 
cemented by dolomite. Commonly limonite occurs as pellets, but 
it also coats the quartz sand grains. Conglomerate and pyritic 
carbonaceous mudstone are less common. The formation contains 
sparse fossils (foraminifera and molluscs).
Abele et al. (1976) and Leslie (1966) suggested that the 
unit is equivalent to the Nelson Formation, typically represented
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in the Glenelg 1 (Nelson) bore near the southwestern corner of 
Victoria, and that it was deposited in high-energy littoral to 
shallow marine shelf environments. The marine fauna indicates a 
Late Eocene age (Leslie, 1966).
c • Narrawaturk Marl
Abele et al. (1976) describes the Narrawaturk Marl as an 
olive grey to brownish grey marl, silty marl, calcareous mudstone 
and muddy limestone containing thin beds of calcareous sandstone 
and calcarenite. The strata also contain glauconite and 
limonite.
The Narrawaturk Marl is richly fossiliferous; Bock and 
Glenie (1965) identified foraminifera, bryozoans, brachiopods and 
molluscs. The unit was deposited in a neritic environment.
2.3.6 Oligocene to Miocene Heytesbury Group
The Late Eocene marine transgression reached its peak during 
Oligocene-Miocene time with deposition of the Heytesbury Group 
(Leslie, 1966; Reynolds and Bryan, 1971; Ellenor, 1976). The 
name Heytesbury Group is derived from the district of Heytesbury, 
where the beds crop out along the southern coastal cliffs 
(Glenie, 1971). The type section was described by Baker (1950) 
and defined as comprising strata referred to the Clifton
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Formation, Gellibrand Marl and Port Campbell Limestone, typically 
exposed in coastal sections in the vicinity of Port Campbell. 
The most complete well section was described by Glenie (1971), 
from surface level to 689 m in the Mepunga No.9 Well. BMR (1966) 
and Reynolds (1971) divided the Heytesbury Group into Units "C" 
(lower and "B" (upper); the latter is subdivided into Units "Be" 
and "Bb”.
a. Clifton Formation
At the type locality, the Clifton Formation comprises 4.5 m 
of limonitic sandstone, calcareous and fossiliferous in its upper 
part, a limonitic phosphate nodule bed 0.3m to 1 m thick and the 
top 4.5m to 6 m of sandy limonitic bryozoal calcarenite (Abele et 
al., 1976). Bock and Gelnie (1965) extended the description to 
include glauconitic limestone regarded as a deeper water facies. 
The Clifton Formation is correlated with Unit "Be” of Hawkins and 
Dellenbach (1971) in the Port Campbell area, consisting of 
glauconitic marly limestone, sandstone and sandy limestone 
containing glauconitic pellets.
Some of the fossils listed by Baker (1944) include 
bryozoans, molluscs, corals and echinoids. A few foraminifera 
have also been reported by McGowran et al. (1971), such as 
Globigerina angullsuturalis Bolli, G. ciperoensis Bolli, 
Globigerinoides primordius Blow and Banner, Globorotalla
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(Turborotalia) kugleri Bolli, and G. (T.) pseudokugleri Blow. 
Generally the Clifton Formation lies within zone 25 or NPl of 
foraminiferal and spore—pollen zones, and in most subsurface 
sections the age of the formation is Late Oligocene to Early 
Miocene (Abele et al., 1976).
The Clifton Formation was deposited in littoral to shallow 
marine high-energy environments when the sea transgressed rapidly 
across the basin during the Late Oligocene.
b. Gellibrand Marl
The name of this unit is derived from the Gellibrand River 
at Princetown (Glenie, 1971). The Gellibrand Marl consists 
predominantly of greyish marl, varying to calcareous clay and 
silty to clayey limestone (Abele et al., 1976). Thin beds of 
glauconitic or limonitic limestone are occasionally present, 
especially near the base of the unit, with thicker lenses of 
bryozoal and shelly calcarenite near the the northern margin of 
the Gambier Embayment. Furthermore, Abele et al. (1976) reported 
that in the offshore Nautilus No.l Well, the lower 897 m of the 
formation comprises white to dark grey, micritic skeletal 
limestone and grey shale, overlain by 152 m of light grey marl 
and limestone and 293 m of light grey to buff calcareous and
clayey siltstone.
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The Gellibrand Marl contains rich and varied fossil 
assemblages including bryozoans, pelecypods and gastropods. A 
number of species obtained from outcrops in the Port Campbell 
Embayment coastal area were listed by Baker (1944), and from the 
Gambler Embayment by Kenley (1971). The foraminifera reported by 
Taylor (1971a, b) include representatives of the Orbulina 
lineage. These indicate that the Gellibrand Marl is Early 
Oligocene to Middle Miocene in age. The maximum age range is 
Late Oligocene to Middle Miocene in the Port Campbell Embayment, 
and is Late Oligocene to very Early Miocene in the Gambler 
Embayment. The unit was deposited in neritic environment (Abele 
et al., 1976).
c. Port Campbell Limestone
The name of the unit is derived from Port Campbell, where it 
is typically exposed in coastal sections southeast and west of 
Port Campbell in Port Campbell Embayment. The unit was described 
by Abele et al. (1976) and consists predominantly of white to 
yellowish limestone and greyish marl; clayey limestone and marl 
are less common. The limestone varies from minor thin shelly 
calcirudite beds, through byrozoal calcarenite to calcisiltite 
and minor calcilutite. Dolomite and concretionary chert are 
locally present•
Bryozoans and molluscs are abundant, and echinoids and
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brachiopods common. Species from outcrops in the Port Campbell 
Embayment coastal area were listed by Baker (1944), and from the 
Gambler Embayment by Kenley (1971).
Foraminifera contained within the unit indicate a Late 
Oligocène to Late Miocene age (Singleton et al., 1973; Abele £t 
al., 1976). In subsurface sections north of the coastal areas of 
the Port Campbell and Tyrendarra Embayments, the uppermost strata 
have been generally assigned to the Middle Miocene foraminiferal 
Zone D and NPll spore-pollen Zone (Abele et al., 1976). The Port 
Campbell Limestone was deposited under transgressive neritic 
marine conditions (Glenie, 1971; Abele et al., 1976).
2.3.7 Pliocene to Recent
The sea had regressed from the Otway Basin at the end of 
early Late Miocene, and there was a brief period of non­
deposition and minor erosion, followed by minor sea level 
oscillations in several areas during the very Late Miocene to 
Early Pleistocene (Abele et al., 1976). The Otway Basin had also 
undergone uplift with accompanying gentle folding and faulting 
from Pliocene to Recent and volcanism was widespread resulting in 
basaltic flows, tuff and scoria deposits (Leslie, 1966; Ellenor, 
1976).
During the very Late Miocene to Early Pliocene, calcareous
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shallow marine and associated continental sediments were 
deposited, and appear to have been restricted to the western part 
of the basin (Abele et al., 1976; Reynolds and Bryan, 1971). 
They are the Moorabool Viaduct Formation in the northeastern part 
of the Port Campbell Embayment, and the Grange Burn Formation, 
Dorodong Sand and Whalers Bluff Formation in the Tyrendarra and 
Gambler Embayments.
a. Moorabool Viaduct Formation
Bowler (1963) reported that the Moorabool Viaduct Formation 
extends from its type area near the southwestern corner of the 
Port Phillip Basin into the adjoining northeastern part of the 
Port Campbell Embayment. It consists of sand, ferrugenous and 
calcareous sand, limestone, gravel and laterite (Abele et al., 
1976). Bock and Glenie (1965) regarded much of silt and sand 
overlying the Gellibrand Marl in the eastern part of the Otway 
Basin as equivalent to the Moorabool Viaduct Formation. The unit 
was deposited under shallow marine conditions during a short 
lived transgression and the age was determined as Late Miocene to 
Pliocene (Abele et al., 1976).
b. Grange Burn Formation
The type section of the formation is on the southern bank of 
Grange Burn at Pats Gully, near the northern margin of the
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Tyrendarra Embayment (Gill, 1957). The Grange Burn Formation 
consists of shell beds and shelley marl, flaggy and cross-bedded 
pebbly sandy limestone, with a basal pebble bed. The formation 
becomes more clayey towards the top, where it contains basaltic 
detritus* The Grange Burn Formation contains a rich molluscan 
assemblage. Based on foraminiferal content, the formation has 
been regarded as very Late Miocene to very Early Pliocene (Abele 
et al., 1976).
c. Dorodong Sand
Kenley (1971) described the Dorodong Sand as a sequence of 
poorly bedded ferruginous sand and sandstone with minor grit and 
gravel near the base. It unconformably overlies the Heytesbury 
Group. The Dorodong Sand is regarded by Abele et al. (1976) as 
Early Pliocene or possibly very Late Miocene in age. According 
to Kenley (1971), the lower part of the Dorodong Sand is of 
marine origin, but the almost unfossiliferous character of most 
of the beds suggests that the unit was deposited in a transition 
to aeollan, estuarine or fluviatile environments.
d. Whalers Bluff Formation
The Whalers Bluff Formation corresponds to Unit Ab of 
Hawkins and Dellenbach (1971) and is composed of yellowish orange 
and light to medium brown sandy calcarenite, biocalcarenlte, and
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sandy limestone containing abundant oysters. The Whalers Bluff 
Formation extends from Pliocene to Pleistocene in age (Hawkins 
and Dellenbach, 1971; Abele et al., 1976).
e. Newer Volcanics
The Newer Volcanic rocks consist of basalt, with 
agglomerate, scoria and tuff, ranging in age from Early Pliocene 
to Holocene (see section 2.4.6).
2.4 GEOLOGY OF THE PORT CAMPBELL AREA
2.4.1 Stratigraphy and Sedimentation
The Port Campbell Embayment is separated from the Torquay 
Sub-basin by the Otway Ranges in the east, and is separated from 
the Tyrendarra Embayment by the Warrnambool High in the west. 
Spencer-Jones et al. (1971) recognised that this area was an 
essentially negative tectonic element during Late Cretaceous and 
Tertiary times and that the area contains one of the thickest 
onshore sequences of this age in the basin, e.g., the maximum 
thickness is about 3000 m near Port Campbell. The early Late 
Cretaceous and Late Eocene marine transgressions had their first 
and their best onshore development in this area. The geology and 
stratigraphy of rock units ranging from Early Cretaceous to 
Quaternary age in the Port Campbell area have been discussed by
FIGURE 13. GEOLOGICAL MAP OF PORT CAMPBELL AREA , OTWAY BASIN 
(from Douglas, 1977)
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Baker (1944), Taylor (1964b), Bock and Glenie (1965), Leslie 
(1966), White (1968), Glenie (1971) and Taylor 
(1971a) • Very little is known of the pre-Mesozoic rocks in the 
region.
2.4.2 Otway Group
The Otway Group is exposed along the Otway Ranges, 
particularly on the northern and western flanks of the ranges 
(see Figure 13). Small outcrops are also present in the upper 
reaches of the Gellibrand River and south of Colac. On the
geological map compiled by Douglas (1977) (Figure 13), the lower 
beds of the Otway Group contain the Speciosus Assemblage and are 
referred to the Zone "C" flora or Ginkgoites australis Zone of 
Douglas (1971), Dettmann and Douglas (1976). These lower beds 
are synonymous with the Eumeralla Formation or Unit "M" as 
discussed in section 2.3.2.
The upper beds of the Otway Group, the Moonlight Head Beds, 
contain the Paradoxa Assemblage of Dettmann (1963) and can be 
assigned to the Zone ”D ” flora of Douglas (1969), or the 
Phyllopteroides dentata Zone of Dettmann and Douglas (1976).
a. The Lower Beds, Zone "C" (Eumeralla Formation)
Benedek and Douglas (1976) and Douglas (1977) described this 
unit as an alternating dark mudstone and feldspathic sandstone
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with some thin coal seams. The beds are well exposed along the 
Great Ocean Road from Eastern View in the east to Moonlight Head 
in the west, and inland road cuttings (Douglas, 1977), but most 
of the outcrops are highly weathered to a buff colour. The 
sandstone is grey to greenish grey, and fine- to medium-grained, 
composed of rock fragments, feldspar, quartz, chlorite and 
biotite, cemented by chlorite, zeolite, and minor sericite, clay 
and carbonate. The rock fragments are angular to subangular with 
some rounded grains glassy volcanic rock types containing 
microporphyritic plagioclase or chloritized remains of
ferromagnesian minerals. Edwards and Baker (1943) regarded the 
lithic fragments as derivatives from a fine-grained andesite or 
an andesitic tuff. The feldspar consists predominantly of 
oligoclase, with some orthoclase, and a little perthite and 
microcline. The clorite was derived authigenically from the 
interaction between fine-grained detrital material and connate 
waters (Edwards and Baker, 1943). The mudstone is mainly dark 
grey to black, dense and compact. Benedek and Douglas (1976) 
concluded that the mudstone resembles, but is not identical with, 
the sandstone in chemical composition.
Edwards and Baker (1943) concluded that the Early Cretaceous 
beds in the Otway Basin were laid down in shallow water with 
strong but variable currents. Current bedding, mudstone pellets 
and coal washouts are evidence for periodic exposure of parts of 
the basin surface. Medwell (1977) measured palaeocurrent
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directions from the Early Cretaceous sediments of the same 
stratigraphic interval (Zone "C" of Douglas, 1971, 1977) along 
the southeast coastline of the Otway Ranges, between Cape Otway 
and Eastern View. Five directional primary structures (filled 
channel-forms or scours? planar and trough cross-bedding, ripple 
marks, longitudinal erosion hollows and oriented cylindrical
concretions of sandball or pod type) were used by Medwell (1977)
qzo
to derive a palaeographic reconstruction for Zone "C" showingA
well-defined southerly flowing streams in the northern ranges, 
turning to westerly-flowing in the region south of Lo m e  and then 
northerly-flowing south of Kennett River.
Most workers agree that the depositional environment of the
Early Cretaceous sediments in the Otway region was non-marine.
b*
Palaeocurrent analysis Medwell (1977) conclude that the
Early Cretaceous feldspathic sandstone and mudstone of Zone "C" 
(Eumeralla Formation) was deposited in an environment of shallow 
wide valleys with braided streams in which high flow regimes were 
rarely attained. Douglas (1969, 1977) reported on the nature of 
the fossil plants, including their preservation, mode of 
fossilization, species content, frequent representation as in 
situ rootlets, and their extremely widespread geographical and 
geological distribution, all of which indicate that deposition 
was in a large non-marine basin.
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b • Moonlight Head Beds, Zone "D" '
The Moonlight Head Beds have been defined by Baker (1950) 
and are shown as part of the upper biostratigraphic unit on the 
Colac 1:250 000 geological map (Geological Survey of Victoria, 
1973). The outcrops are exposed at Moonlight Head near Port 
Reginald, and further east along the coast past Ryans Den, and 
north to include much of the GeHibrand River valley and Bunker 
Hill. The Moonlight Head Beds on the western flanks of the Otway 
Ranges contain a plant fossil assemblage (Zone "D" according to 
Dettmann and Douglas, 1976; Douglas, 1977) which is readily 
distinguishable from the older assemblage on the ridge and 
eastern flank of the ranges.
Moonlight Head Beds consist of thickly bedded light grey 
feldspathic sandstone interbedded with light coloured mudstone 
(Benedek and Douglas, 1976). The sandstone is composed of 
feldspar (25-35% mainly oligoclase with some perthite and 
microcline), quartz (10-15%), rock fragments, chlorite, mica and 
some calcium carbonate cement.
Mudstone of the Moonlight Head Beds is light coloured and 
friable, and is similar in bulk chemical composition to the 
sandstone with which it is interbedded. The sandstone-mudstone 
ratio increases from 1.5:1 at the base of the beds to 4:1 towards 
the top of the section.
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Sedimentary structures consist of cross-bedded and lensoidal 
sandstone with cannon ball structures throughout the sequence. 
There are also small intraformational mudstone conglomerate 
lenses. Pyritic concretions and authigenic pyrite crystals are 
scattered throughout. Dettmann and Douglas (1976) reported that 
at the Devils Kitchen locality on the Otway coast, the Moonlight 
Head Beds are rich in ferns and gymnosperms. The Moonlight Head 
Beds may have been deposited in large swamplands (Douglas et al., 
1976). In situ rootlets and other plant remains,- seat earths and 
fossil soils are evidence for progressive shallowing or drying of 
the swamps. This is also indicated by the increase in 
cross-bedding and intraformational conglomerate lenses.
2.4.3 Wangerrip Group
As shown on geological map (Figure 13) the Late Cretaceous 
sediments of the Sherbrook Group do not crop out in the Port 
Campbell area and the Otway region. Douglas (1977) reported that 
the initial Tertiary unit was the Pebble Point Formation of the 
Wangerrip Group, which occurred in small outcrop areas
(unmapable) on the coast near Princetown.
a. Dylwin Formation
The Dylwin Formation, which conformably overlies the Pebble 
Point Formation in its type section at the mouth of the 
Gellibrand River, forms more extensive outcrops. The formation 
was named the "Dylwin Clay" by Baker (1953), then it was modified
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to Dylwin Formation by Bock and Glenie (1965). Later, the 
formation was noted and described by Leslie (1966), Hawkins and 
Dellenbach (1966; 1971), Reynolds (1967), White (1968), Glenie 
(1971), Abele et al. (1976) and Douglas (1977).
In its type section, the Dylwin Formation consists of 
calcareous sandy clay and silt, micaceous and pyritic, and 
conspicuously burrowed (Douglas, 1977). Abele et al. (1976) 
noted that the colour of these rocks is brownish grey to brownish 
black when fresh, but pale yellowish and greyish when weathered. 
Copiapite and gypsum are common in weathered outcrops. Like the 
Pebble Point Formation, the Dylwin Formation contains a 
characteristic fauna. Shelly fossils, particularly molluscs are 
rare in this formation. Gastropods, pelecypods, scaphopods, 
corals, bryozoans and shark teeth have been listed by Baker 
(1950) from the type section. Spores, pollen and microplankton 
from the type section were investigated by Harris (1965) and 
Stover (1973).
In its type area, the Dylwin Formation is regarded as Middle 
Palaeocene to Early Eocene in age (Abele et al., 1976); in 
subsurface section Hawkins and Dellenbach (1971) determined its 
age ranges from Palaeocene to Middle Eocene. Baker (1943, 1950) 
estimated that the exposed part of the Dylwin Formation in its 
type area is more than 240 m thick.
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b* Eastern View Formation
Abele et al. (1976) described the Eastern View Formation as 
a unit consisting of sandstone, siltstone, clay and conglomerate 
which includes the brown coal measures at Anglesea. The 
formation extends from the Anglesea area around the northeastern 
Otway Ranges to the Torquay Sub-basin in the east, where outcrops 
are very poor, and westwards into the Port Campbell Embayment. 
Carbonaceous claystone and brown coal seams crop out locally 
along Loves Creek and the Gellibrand River southwest of Kawarren.
The coal contains spores and pollen, and sparse 
foraminiferal assemblages in the basal sandstone have been 
reported by Cookson (1954). The age of the Eastern View 
Formation in the Port Camapbell Embayment ranges from Palaeocene 
to Eocene (Abele et al., 1976).
2.4.4 Nirrandra Sub-group
a. Demons Bluff Formation
The Demons Bluff Formation conformably overlies the Eastern 
View Formation (Abele et al., 1976; Douglas, 1977). It extends 
from the Anglesea area across the saddle between the Otway Ranges 
and Barabool Highs into the northeastern part of the Port 
Campbell Embayment. The main lithology of the formation is
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brownish grey to brownish black, carbonaceous burrowed siltstone 
to fine-grained sandstone. Occasionally the strata are 
calcareous and marly, locally with thin layers of calcareous 
sandstone (Abele et al,, 1976). The thickness of the Demons 
Bluff Formation is more than 170 m in the central part of the 
Barwon Down Graben, and it wedges out towards the Otway Ranges 
and the Port Campbell area.
According to Abele et al., (1976) the formation contains rich 
fossil assemblages in places, including planktonic foraminifera, 
and the age of the formation is Late Eocene to Oligocene 




The Gellibrand Marl has been discussed in detail in Section 
2.3.6. The unit is typically exposed in coastal sections 
northwest of Princetown in the Port Campbell Embayment and was 
described by Baker (1944). The Gellibrand Marl consists of 
greyish marl, calcareous clay, siltstone, clayey limestone, 
glauconitic and limonitic limestone. Fossiliferous clay, forming 
the basal 6 m of the formation, crops out along the coast 7 km 
northwest of the mouth of the Gellibrand River and has also been 
reported by Abele et al.^1976). The clay rests conformably on
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the Clifton and Demons Bluff Formations and is overlain by 
a uniform sequence of bluish grey, fossiliferous clay. A thick 
Pleistocene aeolinite sediment covers the Gellibrand Marl, so 
that it disappears at beach level about 3 km northwest of the 
Gellibrand River mouth.
Bryozoans, pelecypods and gastropods are commonly found in 
the Gellibrand Marl. Some of the species recorded from outcrops 
in the Port Campbell Embayment coastal area were listed by Baker 
(1944). The unit was deposited in a neritic environment (Abele 
et al., 1976) and, based on foraminifera determined by Taylor 
(1971a, b), the unit is Early Oligocene to Middle Miocene in age.
b. Port Campbell Limestone
The Port Campbell Limestone forms the prominent unit in the 
Port Campbell Embayment area, was first described by Baker 
(1944). Type section of this unit comprises coastal exposures 
extending from southeast of Rutledges Creek, 5 km southeast of 
Port Campbell, to west of Peterborough (Abele et al., 1976). It 
comprises limestone, clayey limestone, marl, calcareous clay, 
calcirudite, bryozoal calcarenite, whitish chalky limestone 
(calcisiltite) and calcilutite. Generally, the limestone is 
horizontal, locally dipping gently to the west (Abele et al., 
1976). Baker (1950) estimated the thickness of the formation in 
the type coastal exposures to be more than 100 m, where it
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conformably overlies the Gellibrand Marl. According to Abele ¡̂t 
al. (1976) the limestone in the Port Campbell Embayment is 
generally Middle to Late Miocene in age and probably accumulated 
in shallow, high energy environments.
2.4.6 Pleistocene to Recent Units
a. Moorabool Viaduct Formation
The Moorabool Viaduct Formation has been discussed in detail 
in section 2.3.7. It consists mainly of sand, ferruginous and 
calcareous sand, limestone, gravel and laterite. Such deposits 
are widely and discontinuously distributed in the Port Campbell 
area (see Figure 13). The Moorabool Viaduct Formation is best 
exposed along the Leigh and Barwon Rivers in the northeastern 
Port Campbell Embayment (Abele et al., 1976) where it consists of 
clayey sand, commonly ferruginous and calcareous. Bowler (1963) 
estimated its outcrop thickness to be 23.5 m on the eastern bank 
of the Leigh River.
b. Newer Volcanics
The Newer Volcanic rocks exposed in the northern portion of 
the Port Campbell Embayment are comprised of basalts, with 
agglomerate, scoria and tuff (Abele et al., 1976; Joice, 1984). 
They extend from the HamiltonrPortland area in the west, to the 
western end of the Victorian basaltic plains in the east. Abele
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et al. (1976) pointed out that the rocks range in age from Early 
Pliocene to Holocene, but the Pliocene representatives are the 
most extensive. The Newer Volcanic rocks unconformably overlie 
the Miocene Port Campbell Limestone and marl of the Heytesbury 
Group throughout most of the Otway region.
c. Alluvium
Alluvial deposits include unconsolidated Quarternary sands 
which form extensive dune systems east and west of the Gellibrand 





SUBSURFACE STRATIGRAPHY AND SEDIMENTOLOGY
IN THE PORT CAMPBELL AREA -
Well log descriptions and petrological studies of core and 
cuttings material from five boreholes (Port Campbell No.l, Port 
Campbell No.2, Port Campbell No.4, Flaxmans No.l and North 
Paaratte No.l) are summarized in Figures 14, 15, 16, 17 and 18. 
Description of all sedimentary features follows the nomenclature 
of Conybeare and Crook (1982). The boreholes penetrated 
lithostratigraphic units of Miocene to Late Cretaceous age and, 
of the wells examined in this study, only Port Campbell No.l 
failed to reach the Eumeralla Formation of the Otway Group. The 
interval depth and thickness of subsurface occurrences of units 
intersected the wells is shown in Table 3.
3.1 PORT CAMPBELL N0.1
Heytesbury Group
This well was completed to a total depth of 1818.1 m (5965 
ft) having intersected Oligocene-Miocene, Eocene, Palaeocene and 
Cretaceous strata. The well was spudded into the Heytesbury
Group (surface to 460.2 m) comprising the Port Campbell 
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F I G U R E  18. B O R E  P R O F I L E  O F  N O R T H  P A A R A T T E  N O . l  
( M o d i f i e d  f r o m  M c P h e e  et a l . ,  1 9 8 1 ) .
Table 3. Subsurface occurrences of Units from five boreholes, Port Campbell area
Bore Hole Port Campbell No.l Port Campbell No 3 Port Campbell Nò .4 Flaxmans No.l North Paaratte No.l






































































































































Port Campbell Limestone (222.5 m) consists of fossiliferous 
micrite, marly limestone and sandy limestone. Shell fragments 
including bryozoans, molluscs, brachiopods and foraminifera are 
very common. Below the Port Campbell Limestone, the Gellibrand 
Marl was intersected, consists of marly limestone and marl. It 
is difficult to determine the boundary between the Port Campbell 
Limestone and the Gellibrand Marl by examining the cutting 
samples, however, electric-logs (Figure 19) indicate that the 
boundary of these units is at about 222.5 m (730 ft). This is 
also marked by the more abundant marl fragments in the interval
222.5 m. Burrows seem to be common in the Gellibrand Marl.
The Clifton Formation was encountered at 320 m and the
30.5 m interval, consisting of sandy limestone, is characterized
by the presence of glauconite and limonite. The underlying
strata belong to the Mepunga Formation which was informally
referred to as Unit "C" of Hawkins and Dellenbach (1971). The 
consists predominantly of fine- to medium-grained limonitic 
sublitharenite with a micritic and dolomitic silt matrix and 
cemented by spar-calcite and clay. Glauconitic marl is also 
present.
Wangerrip Group
Between 460.2 m and 1024.1 m the Wangerrip Group was
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Formation, followed by the Pebble Point Formation. The Dylwin 
Formation is unconformably overlain by the Mepunga Formation. 
The upper part of the Dylwin Formation is dark grey and brownish 
grey medium-grained, immature sublitharenite interbedded with 
very fine-grained immature sublitharenite and carbonaceous 
mudstone containing fine coal stringers. The lower part is 
carbonaceous siltstone, intercalated with very fine-grained 
immature sublitharenite and medium-grained immature quartz- 
arenite. Burrows and parallel lamination are the only 
sedimentary structures recorded from the core.
The Pebble Point Formation interval was intersected between
959.8 m to 1024.1 m, and is composed of fine- to coarse-grained 
immature sublitharenite with some granule and pebbly sublith­
arenite. Interbedded medium-grained sublitharenite, with 
chamositic or limonitic ooids, and very fine-grained carbonaceous 
sublitharenite occur in the lower part. Some burrow structures 
were recognized from the fine-grained sublitharenite.
Sherbrook Group
The Sherbrook Group was encountered from 1024.1 m to the 
bottom of the bore hole (1816.6 m). At the top of the Sherbrook 
Group is the Curdies Formation, comprising very fine- to fine­
grained carbonaceous immature sublitharenite, intercalated with 
grey coarse- to granule-grained sublitharenite. Stringers
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of coal are commonly found In the upper part of the strata. 
Small-scale cross-beds, parallel lamination and subordinate 
burrow structures are recognized from some pieces of core.
Below the Curdles Formation, the Paaratte Formation was 
encountered in the interval 1306.3 m to 1502.6 m. This formation 
commences with very fine- to fine-grained argillaceous chloritic 
sublitharenite at the top, and chloritic sandy siltstone and 
carbonaceous silty mudstone in the lower part. It contains 
significant amounts of coal stringers and fragments. Dissemina­
ted pyrite is a characteristic feature of this unit. Sedimentary 
structures observed from some of the core are burrows, parallel 
laminations and low-angle cross-stratification. Greenish grey 
glauconitic mudstone of the Belfast Mudstone was intersected at
1502.6 m and continued to 1700.8 m depth. Occasionally fossils, 
including foraminiferal and mollusc fragments are present.
The Belfast Mudstone is followed by 21.3 m of the Flaxmans 
Formation composed of carbonaceous immature sublitharenite with 
subordinate mudstone and sandy mudstone containing chamositic 
ooids. The interval from 1722.1 m to total depth is the Waarre 
Formation which consists largely of brownish-grey carbonaceous 
mudstone and sandy shaly mudstone in the upper part (94.5 m), and 
light grey to grey medium-grained immature sublitharenite and
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subordinate quartzarenite in the lower part (>1.5 m). Parallel
lamination and burrows are commonly found in the mudstone and
sandy mudstone layers; 
subiitharenite.
are.
small-scale cross—beds present in the
4
3.2 PORT CAMPBELL NO.2 
Heytesbury-Wangerrip Groups
This well was completed to a total depth of 2696.2 m (8846 
ft), intersecting Oligocene-Miocene, Eocene, Palaeocene, Late 
Cretaceous strata with drilling being terminated in the Early 
Cretaceous sediments of the Otway Group. Due to lack of core and 
cuttings materials in the interval from 0.0 m to 2162 m depth, 
lithological data for this interval were compiled from Reynolds 
et al. (1966), B.M.R. (1966) and Hawkins and Dellenbach (1971). 
The Tertiary section to the base of the Pebble Point Formation is 
similar to that intersected in the Port Campbell No.l well but 
the Mepunga Formation (Unit "C" of Hawkins and Dellenbach, 1971) 
is absent and the Dylwin Formation unconformably overlies the 
Clifton Formation
Sherbrook Group
Below the Pebble Point Formation, the Curdles Formation of 
the Sherbrook Group was intersected at 1143 m, consisting of 
coarse- and fine-grained sublitharenites which extended down to
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1524 m. Very fine-grained sublitharenite and siltstone of the 
Paaratte Formation were encountered in the interval 1524 m to
1767.8 m. Between 1767.8 m and 2410.9 m depth is the monotonous 
glauconitic Belfast Mudstone whereas the underlying Flaxmans 
Formation (2419.9-2473.4 m) consists mainly of fine-grained 
chloritic sublitharenite and carbonaceous chloritic sandy 
mudstone. As in Port Campbell No.l, the Flaxmans Formation 
characteristically contains chamositic or limonitic ooids and 
parallel lamination appears to be common. The Waarre Formation 
was intersected between 2473.4 m and 2593.8 m. The top of the 
formation is fine-grained immature sublitharenite, followed by a 
white to light grey coarse-grained quartzarenite sequence in the 
middle, and then carbonaceous mudstone at the bottom. Parallel 
lamination occurs in the sublitharenite and mudstone.
Otway Group
The interval 2593.8 m to the total depth (2696.2 m) 
represents the upper part of the Eumeralla Formation (Otway 
Group) which is unconformably overlain by the Waarre Formation. 
The Eumeralla Formation is composed of carbonaceous chloritic 
clayey very fine-grained sublitharenite and very fine-grained 
immature volcarenite. Sedimentary structures identified from 
some lengths of cores are parallel and wavy laminations, 
small-scale cross-beds and very small ripple marks.
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3.3 PORT CAMPBELL NO.4
Heytesbury-Wangerrip Groups
The Port Campbell No.4 Well was completed to a total depth 
of 2596.9 m (8520 ft) and drilling terminated in Early Cretaceous 
sediments of the Otway Group. The section through the Heytesbury 
and Wangerrip Groups was similar to Port Campbell No.l well 
including the Port Campbell Limestone, Gellibrand Marl, Clifton, 
Mepunga, Dylwin and Pebble Point Formations.
Sherbrook Group
Compared to the Port Campbell No.l and No.2 wells, the Late 
Cretaceous sequence of the Port Campbell No.4 well is thinner, 
particularly the Belfast Mudstone. The upper part of the 
Curdles Formation at the top of the Sherbrook Group consists 
mainly of medium- to coarse-grained carbonaceous sublitharenite 
and very fine-grained sublitharenite. Coal fragments and 
stringers are commonly found in these strata. This sequence is 
underlain by light grey fine-grained immature to submature 
quartzarenite, dolomitic in part, with coal lenses up to 1 cm 
thick. The lower part of the formation is friable brownish-grey 
medium- to fine-grained clayey sublitharenite and fine-grained 
carbonaceous sublitharenite.
The underlying Paaratte Formation was intersected in the
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interval 1210 m to 1341.1 m, consisting largely of medium-grained 
litharenite, sublitharenite and carbonaceous sandy siltstone. 
Limonitic and chamositic ooids are common throughout the 
sequence. Glauconitic mudstone of the Belfast Mudstone was 
encountered in the interval 1341.1 m to 1478.3 m, underlain by
41.1 m of the Flaxmans Formation comprising carbonaceous medium- 
to coarse-grained sublitharenite and ferruginous chloritic sandy 
mudstone. The lowermost unit in the Sherbrook Group is the 
Waarre Formation comprising light grey medium-grained submature 
to mature sublitharenite, intercalated with shaly mudstone and 
quartzarenite • Parallel lamination and small-scale cross-beds 
have been recorded from this formation.
Otway Group
From 1633.7 m to the total depth of 2596.9 m, the Eumeralla 
Formation of the Otway Group is composed of alternating beds of 
argillite and arenite. The top of the sequence consists of 
greenish-grey medium-grained immature volcarenite which has a 
maximum thickness of 31.1 m. These strata are unconformably 
overlain by the Waarre Formation. Below this, in the interval
1664.8 m to 1755.6 m, is chloritic carbonaceous siltstone and 
sandy mudstone, then still lower the sequence is dominated by 
greenish-grey medium-grained submature volcarenite and 
fine-grained volcarenite. Fine coal stringers and fragments are 
common. A thick sequence of carbonaceous chloritic mudstone and
99
partly sandy mudstone was intersected in the interval 1853.2 m to 
2344 m. Traces of leaves and stringers of coal are commonly 
found in these sediments. Slickensides with a 30° dip occur 
between 1853.18 m and 1853.80 m. The sequence from 2344 m to
2525.8 m is again dominated by greenish-grey medium-grained 
submature volcarenite and light green medium-grained immature 
chloritic litharenite. From 2525.8 m to bottom of the hole 
(2596.9 m)
brownish-grey to grey chloritic carbonaceous mudstone, inter­
calated with fine-grained litharenite and siltstone with minor 
coal stringers was encountered. Sedimentary structures 
identified from some core samples comprise predominantly parallel 
and wavy laminae, small-scale cross-beds, larger cross­
stratification, ripple marks and mud-clasts.
3.4 FLAXMANS N0.1 
Heytesbury Group
This well was drilled to a total depth of 3513.7 m (11,528 
ft), intersecting Oligocene-Miocene, Eocene, Palaeocene, Late 
Cretaceous and Early Cretaceous strata. From the surface to
1259.4 m depth, the lithologic descriptions of each unit were 
compiled from B.M.R. (1966), Reynolds et al. (1966) and Hawkins 
and Dellenbach (1971).
The sequence of the Heytesbury Group in this well is thicker
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than in the three Port Campbell wells, particularly the 
Gellibrand Marl which has thickened from 111 m in Port Campbell 
No.4 to 335.2 m. The Port Campbell Limestone is composed of 
fossiliferous micritic limestone and marly limestone containing 
abundant shell fragments. The Gellibrand Marl consists of light 
grey marl, marly limestone and sandy marl. Below this is the 
glauconitic and limonitic marly limestone, sandy limestone and 
minor sublitharenite constituting the Clifton Formation. In the 
absence of the Mepunga Formation in this well, the Clifton 
Formation unconformably overlies the Dylwin Formation at 670.6 m.
Wangerrip Group
The Wangerrip Group was intersected from 670.6 m to
1060.7 m consisting of fine- to very fine-grained immature 
sublitharenite, carbonaceous sandy siltstone, shale, very 
fine-grained glauconitic litharenite and minor quartzarenite. 
The underlying Pebble Point Formation includes pebbly
sublitharenite, sublitharenite containing chctmositic and 
limonitic ooids and sideritic immature sublitharenite.
Sherbrook Group
The Sherbrook Group was intersected from 1060.7 m to
2255.5 m. The lithology of the Curdles Formation is medium- to 
coarse-grained carbonaceous sublitharenite interbedded with very 
fine-grained sublitharenite and clayey sublitharenite, plus
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subordinate fine-grained quartzarenite and carbonaceous pyritic 
silty mudstone. Small-scale cross-beds, thin parallel 
laminae and burrow structures occur in some core samples. The 
Paaratte Formation between 1314.6 m and 1706.8 m consists mainly 
of light brown to brown pyritic carbonaceous silty mudstone and 
siltstone in the upper section. This is underlain by 155.8 m of 
very fine-grained carbonaceous chloritic sublitharenite inter- 
bedded with carbonaceous chloritic siltstone and medium-grained 
chloritic immature sublitharenite. Below this is fine- to 
medium-grained chloritic sublitharenite cemented by siderite and 
dolomite, and containing chamosite or limonite. The basal part 
is again carbonaceous chloritic siltstone with fine- to 
medium-grained sublitharenite. The Belfast Mudstone was 
intersected from 1706.8 m to 2011.6 m and is composed of massive 
greenish-grey to dark grey glauconitic mudstone, containing 
common foraminiferal shell fragments and finely dispersed organic 
matter. A few burrow structures have been recognized from the 
core. In the interval 2011.6 m to 2096.1 m, the Flaxmans 
Formation consists of medium-grained sublitharenite with common 
limonitic or chamositic ooids, and fine- to coarse-grained 
sideritic immature sublitharenite. Parallel lamination is the 
only sedimentary structure recognized from this interval. The 
underlying Waarre Formation was intersected between 2096.1 m to
2255.5 m. This formation is composed of white or light grey 
coarse- to granule-grained immature quartzarenite intercalated
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with medium- to coarse-grained carbonaceous immature 
sublitharenite. Beneath this sequence is light to dark grey very 
fine-grained pyritic sublitharenite and siltstone in which fine 
stringers of coal are commonly found.
Otway Group
The Otway Group is represented by the Eumeralla Formation 
intersected from 2255.5 m to the total drilling depth of
3513.7 m. This unit is an alternating sequence of arenaceous and 
argillaceous rocks. The upper part (2255.5 m to 2335.3 m) of the 
section is green medium- to coarse-grained submature 
volcarenite. Below this is chloritic mudstone interbedded with 
fine-grained volcarenite and litharenite. The underlying 
sequence (2406 m to 2709.6 m) is a greenish-grey fine- to 
medium-grained chloritic submature litharenite in which stringers 
and fragments of coal are common in the lower part. This is 
underlain by greenish-grey fine- to medium-grained volcarenite in 
the interval 2709.6 m to 2780.6 m. Between 2780.6 m and 2926 m 
is another unit of chloritic shaly mudstone intercalated with 
l-10mm thick siltstone laminae, and interbeds of green, very 
fine-grained litharenite and volcarenite. Dirty 5-10cm thick 
bituminous coal bands are commonly found in this interval. This 
fine unit is underlain by a thick greenish-grey, medium-grained 
mature volcarenite containing mud clasts and fine stringers of 
coal in the lower part. From 3088.2 m to the bottom of the hole
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(3513.7 m) was encountered a third strata consisting 
predominantly of chloritic carbonaceous silty mudstone and 
siltstone, interbedded with greenish-grey medium-grained 
submature volcarenite and litharenlte. Usually it contains coal 
fragments and stringers.
Sedimentary structures recorded from this basal interval 
include thin parallel lamination, cross-stratification and 
cross—beds, ripple marks and mudclasts.
3.5 NORTH PAARATTE No.l
This well was drilled to a total depth of 1544.7 m (5068 
ft). A sustained gas flow rate of 9.6 M Mcf/day was recorded 
during production testing of the Late Cretaceous Waarre Formation 
(McPhee et al., 1981). Drilling terminated in the upper part of 
Early Cretaceous sediments of the Eumeralla Formation. Figure 18 
is bore profile modified from McPhee et al. (1981) and logging 
data from Beach Petroleum N.L.
a. Heytesbury Group
The Heytesbury Group in the North Paaratte No.l well has a 
thickness of 423.7 m. It includes the Port Campbell Limestone, 
Gellibrand Marl, Clifton and Mepunga Formations. The Port 
Campbell Limestones consist of yellow light grey limestones and
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some claystones. The thickness is 80,5 m. Underneath the Port 
Campbell Limestone, a 242.5 m thick sequence of predominantly 
greenish grey marl of the Gellibrand Marl and sandstones and marl 
of Clifton Formation occur. The Mepunga Formation (72.6 m thick) 
consists of sandstone, sandy claystone and limestone.
b. Wangerrip Group
The Wangerrip Group disconformably overlies the Sherbrook 
Group and is disconformably overlain by the Heytesbury Group. It 
is 345 m thick comprising interbeds of sandstone, siltstone and 
mudstone in the upper part (Dylwin Formation) and 51 m of 
claystone with sandstone in the lower part (Pebble Point 
Formation).
c • Sherbrook Group
Similar to other wells, the Sherbrook Group is divided into 
the Warre, Belfast, Paaratte and Curdles Formations. It 
unconformably overlies the Eumeralla Formation of the Otway 
Group. The Waarre Formation is composed of white to light grey 
sandstone (quartzarenite and sublitharenite) with coal seamsup to 
30 cm thick. The Waarre Formation is conformably overlain by the 
Belfast Mudstone. The overlying Paaratte Formation consists of 
greenish sandstone (sublitharenite) and siltstone. It is 
conformably overlain by the Curdles Formation comprising 
sandstone (sublitharenite), siltstone and claystone. Numerous 
very thin coal seams (less than 10 cm) are present.
■ORTN PAARATTÏ»«-!




d • Otvay Group
The borehole only penetrated the uppermost part of the Otway 
Group (Eumeralla Formation) consisting of greenish grey 
volcarenite.
3.6 DEPOSITIONAL HISTORY AND SEDIMENTATION
This section attempts to outline sediment accumulation and 
cyclic sedimentation patterns within the subsurface Early 
Cretaceous to Miocene sequences in the Port Campbell area. 
Basically the basin started as a block-faulted structure, 
resulting in the formation of an initial rift valley in Early 
Mesozoic times. The stratigraphic interval under discussion here 
started from the Eumeralla Formation of the Otway Group, which is 
the lowermost unit intersected in boreholes in the Port Campbell 
area (Figure 20), and continues up to the Miocene Port Campbell 
Limestone.
3.6.1 Otway Group
The Eumeralla Formation is thickest in Flaxmans No.l well 
and thins northwards towards Port Campbell No.4 (Figure 20). The 
formation becomes much thicker in the east reaching a thickness 
of 2736 m in Fergusons Hill No.l. In the east the Eumeralla 
Formation is subdivided into an upper volcaniclastic Unit "Ml” 
and a lower Unit "M2" with less volcanic detritus (Dellenbach, 
1965; Hawkins and Dellenbach, 1966, 1971).
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Lithofacies variations within the Early Cretaceous 
succession are shown in Figure 21. The lowest sequence is 
dominantly a mudstone facies with intercalations of siltstone and 
litharenite. Sedimentary structures recorded from some pieces of 
core include parallel and wavy laminations, ripple marks and 
cross —  stratification. Fine stringers and fragments of coal are 
associated with all the siltstone and mudstone beds. This 
deposit may have formed in an overbank environment with 
deposition mainly from waning flood waters.
A significantly thick sequence of volcarenite was deposited 
over the mudstone facies. This sandstone facies is clearly 
recognized in the electric log profile (Figure 19) and appears to 
fine upwards, with abundant cross-bedded sandstone in the lower 
section whereas parallel lamination is the dominant structure in 
the upper portion. The sequence of structures indicates that the 
volcarenite accumulated under decreasing flow regime conditions. 
Similar sequences in outcrops (southeast of the Otway Range 
coastal area, Figure 22a, b) suggest that these cycles represent 
repeated episodes of the formation of broad shallow channels or 
scours and their subsequent infilling; the decreasing flow 
regime conditions probably represent a response to filling and 
progressive abandonment of the channels.
The succeeding unit is an assemblage facies consisting of 
















1 8 0 0 -
2 0 0 0 .
2 2 0 0 -
2 4 0 0 -
2 8 0 0 -
2 8 0 0 .
3 0 0 0 -
3 2 0 0 -
3 4 0 0 -















FIGURE 21 .LITHOFACIES VARIATIONS OF EARLY CRETACEOUS SEQUENCES OF THE EUMERALLA FORMATION . 






litharenite. The mudstone contains a considerable quantity of 
plant material and coal fragments. This deposit is similar to 
the lowest facies, but sandstone is more prolific in this 
sequence. It was probably deposited in overbank areas with
localized swampy conditions. The presence of cross-stratified 
structures in the sandstone indicates that there may have bee<i 
lower flow regime conditions close to a sandy channel facies 
i.e., possibly crevasse-splay deposits.
The fourth facies in the Eumeralla Formation is a repetition 
of sandstone consisting mainly of chloritic litharenite and 
volcarenite. The lithofacies variation represented in Figure 21 
show that this facies is thickest in Flaxmans No.l well, where it 
is intercalated with 145.4 m of mudstone with interbeds of 
siltstone, litharenite and 5 cm to 10 cm coal bands. Sedimentary 
structures include massive beds, parallel lamination, 
cross-laminated sandstones, and mudclasts in the lower part of 
the section. Deposition of this facies started above an 
erosional surface cut into the top of the chloritic mudstone 
succession. The erosional nature of the contact is indicated by 
the presence of mudclasts in the lower sandstone which can be 
interpreted as a channel-floor lag deposit produced by bank 
undercutting. According to Rust (1984), the abundant mudclasts 
indicate that slack water deposition recurred frequently. Coal 
bands and carbonaceous mudstone and sandstone in this sequence
FIGURE 22a« PLANE LAMINATED VOLCARENITE (Sp) IN 
EROSIVE CONTACT WITH MUDSTONE (FI), 
EUMERALLA FORMATION OF THE OTWAY 
GROUP, OCEAN ROAD NEAR SUGAR LOAF 
HILL ( LOCATION 10, FIGURE 5).
FIGURE 22b. TROUGH CROSS-BEDDED (S,t) IN THE EUMERALLA 
FORMATION, OCEAN ROAD NEAR SUGAR LOAF HILL 
(LOCATION 10, FIGURE 5).
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could have been deposited in swamps or close to vegetated 
Islands, which were subjected to frequent influxes of clastic 
detritus; or they could represent deposition in a higher energy 
environment where thin rafts of transported carbonaceous debris 
were interbedded with sand, silt and mud.
The overlying succession is a chloritic mudstone facies. 
Laterally it has a similar thickness in Flaxmans No.l and Port 
Campbell No.4 wells. The chloritic mudstone is intercalated with 
volcarenite and litharenite; sedimentary structures include 
parallel laminations, small-scale cross-bedding, ripple marks and 
massive bedding. The lithological succession and sedimentary 
features are very similar to the lowest mudstone deposit and 
therefore, it is most probable that the unit was also deposited 
in an overbank situation.
The highest facies is again sandstone consisting 
predominantly of massive medium-grained volcarenite but 
cross-beds, ripple marks, wavy and parallel laminae are preserved 
in Port Campbell No.2 well. This facies is similar to the former 
volcarenite. It probably accumulated in broad shallow channels 
or scours.
Vertical profiles (Figure 21) of the lithological succession 
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silty braided river system. This may be analogous to the facies 
assemblage Si and S n  erected by Rust (1978) and Miall (1978) for 
silt-dominated braided systems and alluvial plains. There are 
possible transitions to a meandering river system.
Using the code of Miall (1977, 1978, 1981), the dominant 
lithofacies occurring in the Eumeralla Formation comprises Sh, 
Sp, Sr, JTe, S I, Ss, FI, F$c emd C (Table 4). Some vertical 
profile models which may be chosen as modern analogues for this 
facies assemblage are the Platte and Bijoy Creek type of Miall 
(1977, 1978, 1981) and Rust (1978, 1984), the South Saskatchewan 
type of Cant and Walker (1978), and the very large braided river 
of the Brahmaputra type described by Coleman (1969; 1984a) which 
is comparable in size to the Triassic Hawkesbury Sandstone of New 
South Wales (Conaghan and Jones, 1975; Conaghan, 1980; Jones and 
Rust, 1983).
In conclusion, the succession of the Eumeralla Formation was 
possibly formed in an environment consisting of braided rivers 
and alluvial plains.
3.6.2 Sherbrook Group
The initial deposition of the Sherbrook Group comprises the 
Waarre Formation (Figure 23 and 24) which consists of three main 
lithofacies: sublitharenite, carbonaceous mudstone and 
quartzarenite. The basal sublitharenite, with subordinate
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Facies Lithofacies Sedimentary structures Interpretation
Gm gravel, massive or 
crudely bedded, 
minor sand, silt or 
clay lenses
ripple marks, crossbeds in 




Gt gravel, stratified broad, shallow trough cross­
beds imbrication
. minor channel fills
Gp gravel, stratified planar crossbeds linguoid bars or deltaic 
growths from older 
bar remnants
St sand, medium to 
very coarse, may 
be pebbly
solitary (theta) or grouped 
(pi) crossbeds
dunes (lower flow 
regime)
Sp sand, medium to 
very coarse, may 
be pebbly
solitary (alpha) or grouped 
(omikron) planar crossbeds
linguoid bars, sand 
waves (upper and 
lower flow regime)
Sr sand, very fine to 
coarse
ripple marks of all types, in­
cluding climbing ripples
. ripples (lower flow 
regime)
Sh sand, very fine to 
very coarse, may 
be pebbly
horizontal lamination, 
parting or streaming linea­
ti on
planar bed flow (lower 
and upper flow regime)
Ss sand, fine to 
coarse, may be 
pebbly
broad, shallow scours (in­
cluding eta-cross-stratifica­
tion)
minor channels or 
scour hollows
FI sand (very fine), 
silt, mud, inter- 
bedded
ripple marks, undulatory 
bedding, bioturbation, plant 
rootlets, caliche
deposits of waning 
floods, overbank 
deposits
Fm mud, silt rootlets, desiccation cracks drape deposits formed in pools of standing water
TABLE 4. LITHOFACIES AND SEDIMENTARY 




SI sand, fine low angle (<10°) 
crossbeds
scour fills, crevasse 
splays, antidunes
Se erosionai scours 
with intraclasts
crude crossbedding scour fills
Fsc silt, mud laminated to massive backswamp deposits
C coal, carbona­
ceous mud
plants, mud films swamp deposits
. .115
FIQURE 2 4. STRATIGRAPHIC COLUMN FOR THE PORT CAMPBELL AREA
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quartzarenite and siltstone, unconformably overlies the Eumeralla 
Formation. Laterally this facies is thickest in Port Campbell 
No. 4 well and wedges out towards Port Campbell No. 2 well. 
Parallel and wavy laminae and cross-lamination are prominent 
sedimentary structures in this facies. Carbonaceous mudstone 
with interbeds of sublitharenite occurs on the top of 
sublitharenite. It wedges out towards Port Campbell No.4 well. 
Parallel laminae, small cross-beds and burrow structures 
are commonly encountered in this facies. The uppermost facies in 
the Waarre Formation is poorly to very poorly sorted medium- to 
very coarse-grained, with some granule-grained, quartzarenite. 
This facies appears to be a coarsening-upward sequence. Massive 
bedding and thin parallel laminae are both common in the 
quartzarenite. Fine stringers of coal are also commonly found in 
the quartzarenite.
Bock and Glenie (1965) regarded the Waarre Formation as a 
shallow marine to non-marine deposit and Leslie (1966) postulated 
sporadic marine incursions into a dominantly non-marine 
environment. A marine to paralic environment with subsequent 
regression of the sea has been suggested by Hawkins and
Dellenback (1966, 1971). Moreover, Douglas et__al. (1976)
interpreted that the Waarre Formation was deposited in a deltaic 
environment•
The vertical sequence in Figure 23 shows that lithologies
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and textures coarsen upwards. They suggested that the repetition 
of sandstone and mudstone, and in some cases the very poor to 
poor sorting of the quartzarenite, represent deposition under 
tide-dominated delta conditions. According to Klein (1975) 
deltas are usually capped by tidal shoal, tidal channel and tidal 
flat deposits. The presence of quartzarenite is characteristic 
of higher wave energies (Coleman, 1984b).
The overlying Flaxmans Formation is predominantly a 
sideritic sublitharenite facies, where the lateral distribution 
seems to be continuous in all the wells. The main characteristic 
of this facies is the presence of iron-rich oolites of limonite 
or chamosite. Sedimentary structures recorded from core samples 
are parallel lamination and massive bedding. Bock and Glenie 
(1965) suggested the Flaxmans Formation was deposited in marine 
littoral to shallow neritic environments. Following Douglas jet 
al. (1976), it is probable that the formation was deposited under 
fairly low energy conditions in a shallow marine environment with 
reducing conditions at the sediment-water interface. The 
iron-rich limonitic and chamositic oolites probably represent 
authigenic or early diagenetic chemical precipitation products.
The overlying Belfast Mudstone is a monotonous glauconitic 
mudstone facies which appears to be thickest in Port Campbell 
No. 2 well. Burrows are prominent structures found in this
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facies. The Belfast Mudstone contains foraminifera and shell 
fragments which indicated a marine origin corresponding to the 
ideas of many previous workers (e.g. Taylor, 1964b; Leslie, 1966; 
Douglas et al., 1976). The concentration of disseminated organic 
matter in this mudstone facies illustrates proximity to a shore 
or a fluvial source for the detritus.
Further deposition produced the Paaratte Formation 
consisting mainly of chloritic sublitharenite with interbeds of 
siltstone. In the Port Campbell No.l well, the facies was 
initiated with carbonaceous pyritic silty mudstone and siltstone 
(Figure 23). Glauconite, limonite and chamosite are occasionally 
present. Sedimentary structures include parallel and convolute 
laminations, burrows, small-scale cross-beds, cross-lamination 
and ripple marks. Taylor (1964b) and Hawkins and Dellenbach 
(1971) regarded the Paaratte Formation as a marginal marine 
deposit. This environmental interpetation was based on 
foraminiferal evidence.
The uppermost strata of the Sherbrook Group belong to the 
Curdies Formation which consists predominantly of sandstone 
facies (i.e., sublitharenite, litharenite, quartzarenite and 
siltstone). In Port Campbell No.4 well, a thick lens of 
quartzarenite with numerous coal laminae occurs. Parallel 
lamination and burrows are significantly abundant structures,
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while massive bedding and cross-bedding are also commonly found 
in this facies. Leslie (1966) suggested that the environment of 
deposition for this formation was lacustrine; Hawkins and 
Dellenbach (1966, 1971) interpreted it as an inner paralic to 
alluvial environment. The lithologic sequence examined from the 
wells provides evidence that the Curdies Formation was deposited 
in a fluvial-dominated delta. Cross-bedding in the sandstone 
facies may represent distributory channel fills. The geometry of 
distributary channel sand bodies is complex (Galloway and Hobday, 
1983). Unidirectional flow with periodic stage fluctuations is 
characteristic of fluvial distributory channels (Elliott, 1978) 
but is also similar to channels in strictly alluvial systems. 
The upper part of the Curdies Formation usually contains thin 
coal seam and stringers, which are typically abundant on delta 
plains and may be preserved in distributary-channel sediments 
(Galloway and Hobday, 1983). Burrows which are particularly 
abundant in the fine-grained and clayey sublitharenite and 
mudstone indicate that there were probably saline or brackish 
water invasions into abandoned distributaries of the lower delta 
plain. This situation would allow colonization by burrowing 
organisms.
3.6.3 Wangerrip Group
The Wangerrip Group is composed of the Pebble Point 
Formation and the overlying Dylwin Formation which were deposited
120
during the Palaeocene-Eocene transgressive-regressive cycle. The 
Pebble Point Formation consists predominantly of sublitharenite 
facies with some pebbles. Chamositic and limonitic ooids are 
sparsely present in the sublitharenite and burrows are commonly 
found in the fine-grained sublitharenite. Thick-shelled fossils 
reported by Leslie (1966) indicate that the Pebble Point 
Formation was deposited in shallow marine conditions near to the 
shore line. The rounded detrital grains are indicative of high 
energy currents and frequent reworking of the sediment.
The end of deposition of the Pebble Point Formation was 
marked by a regressive event which resulted in the deposition of 
the Dylwin Formation. The main lithology in the latter is 
carbonaceous siltstone intercalated with quartzarenite, 
sublitharenite and glauconitic litharenite in the lower sections, 
succeeded by sublitharenite interbedded with argillaceous 
sublitharenite and carbonaceous mudstone. Coal stringers are 
significantly present, and carbonaceous material is extremely 
abundant. The Dylwin Formation was probably deposited in a 
paralic to deltaic environment. Marine conditions shown by the 
presence of glauconite grains indicate that the paralic and 
deltaic deposition was interrupted by minor marine incursions. 
Hummocky cross stratifications noted in outcrop Location 2 
(Figure 5) confirm some marine deposition. Holdgate (1981) 
examined wire line logs from the Dylwin Formation and concluded 
that deposition occurred in a deltaic environment.
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3.6.4 Heytesbury Group
Initial sedimentation in the Heytesbury Group is represented 
by the transgressive littoral sequence of the Mepunga Formation 
consisting predomiantly of limonitic sublitharenite with 
subordinate glauconitic marl. The glauconitic marly limestone 
and sandy limestone facies of the Clifton Formation was deposited 
after a marine transgression over a shallow shelf area. The 
widespread and relatively thick Gellibrand Marl (Figure 19, 20) 
represents an offshore facies deposited during a more extensive 
marine transgression than all the earlier transgression events. 
After deposition of the marl facies, regression took place in the 
Port Campbell area followed by deposition of the Port Campbell 
Limestone in a warm shallow marine environment.
3.7 STRUCTURAL GEOLOGY IN THE PORT CAMPBELL AREA
Structural features of the Port Campbell area, particularly 
in the Tertiary deposits, have been reported by Baker (1944). 
Faults and lineaments are the main structural features but 
several folds are present in the Otway Ranges (Medwell, 1971, 
1977; Benedek and Douglas, 1976; Abele et al., 1976; Douglas, 
1977).
There are three prominent fault trends (Figure 13) which 
were also postulated by Gunn (1974) using geophysical data and 
illustrated by Douglas (1977). According to Gunn (1974), a
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northeast trend was inherited from Palaeozoic lines of weakness; 
north-northeast trends were associated with the formation of the 
Early Cretaceous rift system; and the northwest trends are the 
result of crustal creep towards the continental shelf•
The major faults trending northeast are the Chappie Vale and 
Bambra Faults along the western margin of the Otway Ranges, and 
the Carlisle-Loves Creek-Barwon Fault running from the west of 
Gellibrand to Birregurra. In the central area, the only 
northeast trending fault is the Colac Fault. In the western 
margin of the Port Campbell area, the Curdle Fault trends 
northeasterly and continues to the southern margin of the New 
Volcanics•
Prominent northwest trending faults in the Port Campbell 
area are the Paaratte Fault, the Baongarook Creek Fault and part 
of the Corangamite Fault. These faults produce a horst and 
graben in the Port Campbell Embayment and Warrnambool High 
(Benedek and
Douglas, 1976). Also trending northwest are the Cudge Fault and 
the Birregurra Fault along the southern margin of the basalt 
plains of the Newer Volcanics.
The major fault trending north-northeast is the Barham Fault
transacting the Otway Ranges from Gellibrand to the coast near
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Apollo Bay (Medwell, 1977), In the subsurface, seismic line S-2 
of B.M.R. (1966) recorded two normal fault planes with this 
orientation showing an offset layer between Port Campbell No.l 
and Port Campbell No.2 (Figure 20). These faults cut the Otway 
Group and the lower part of the Sherbrook Group.
The Otway Ranges was regarded by Medwell (1971) as a dome 
structure, with a major anticlinal fold or folds running 
northeastwards. The best known folds are the Crowes Anticline, 
the Johanna Syncline, with associated Tertiary sediments, and the 
Boonah Anticline along the northeast flank of the Otway Range 
High (Medwell, 1971; Benedek and Douglas, 1976). Other folds are 





A total of 118 samples w a s  studied from the Eumeralla, 
Waarre, Flaxmans, Belfast, Paaratte, Curdles, Pebble Point, 
Dylwin, Mepunga, Clifton Formations, Gellibrand Marl and Port 
Campbell Limestone in the Port Campbell area, in order to 
determine organic matter type and abundance, and the rank of 
possible petroleum source rocks.
Brief sample descriptions of the organic matter type and the 
relative abundance of the macérai groups of each unit are given 
in Figures 25-28 and Tables 6-11. The relative organic matter 
abundance provides a measure of the relative amounts of the 
macérai groups assessed at different levels of abundance (absent, 
rare = <0.1%, sparse =* 0.1-0.5%, common = 0.5-2%, abundant = 
2-10%, major - >10%). The abundances were visually estimated in 
approximately 50 grains from several traverses in each block (see 
section 1.5.1). A visual aid to assist the assessment of 
volumetric abundance is shown in Figure 4.
The assessment of the abundance of organic matter types of 
samples studied is based on a semi-quantitative method introduced 
by Padmasiri (1984) with some modifications. For example, the
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organic matter abundance of individual macerals can be obtained 
as follows:
Organic matter
abundance for ® No« of grains with 0.1% vitrinite x 100
vitrinite of No« of grains counted - coal grains
<0«1% (rare)
Similar calculations can be made for the categories sparse, 
common, abundant and major.
The average abundance of organic matter in each formation 
using this semi-quantitative method is then converted into
histograms given in Figures 25—28« The histograms indicate that 
the abundance of organic matter varies both within and between 
formations(see also Figs. 37 and 38).
4.1.1 Type and abundance of organic matter
Organic matter in the Early Cretaceous—Tertiary sequences of 
the Port Campbell area is predominantly in a dispersed form but 
some thin coal seams also occur in the sequence. The
classification of dispersed organic matter follows the
classification of coal macerals.
Classification
The classification of coal and dispersed organic matter 
macerals used here is based on morphology and reflectance (ICCP, 
1971, 1975; Cook and Kantsler, 1982). At low rank the three 
maceral groups liptinite, vitrinite and inertinite are
respectively characterized by relatively low, intermediate and
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Table 5. Nomenclature of macérais unifying
and simplifying brown and hard coal
used in this study (After Smith, 1981)















typically derived Detrovitrinite Densinite
from lignin, (fine detritus) Desmocollinite
cellulose and Corpovitrinite









high reflectance. Each of the macérai groups is characterized by 
general similarities in their chemistry, and to some extent, 
origin (Cook, 1982b). Within each macérai group, individual 
macérais are characterized by a distinctive morphology that is 
determined by botanical origin and in some instances early 
diagenesis.
The classification used in this study is that of Smith 
(1981, 1982) (see Table 5). The advantages of the classification 
are that it is genetic and it accommodates the gélification 
changes in vitrinite that characterize the transition from brown 
coals (lignite) to bituminous coals. It is essentially a 
combination of previous international brown and black coal 
classification (ICCP, 1971, 1975).
Description
Average dispersed organic matter content of samples in the 
various formations in the Port Campbell area ranges from rare to
common (see Tables 6-11). The highest proportions of dispersed
cihd
organic matter occur in the Eumeralla , Waarre Formations and
A
Belfast Mudstone in the Port Campbell No.l, No.4, and Flaxmans 
No.l wells; the proportions range from common to abundant (Tables 
6, 8 and 9).
In general the most abundant type of dispersed organic 
matter is inertinite. Vitrinite is generally the next most 
abundant macérai, where d.o.m. is sparse to common and llptinite
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F I G U R E  25. H I S T O G R A M S  S H O W I N G  T Y P E  A N D  A B U N D A N C E  OF 
D I S P E R S E D  O R G A N I C  M A T T E R  A N D  C O A L  IN T H E  
C L I F T O N  F O R M A T I O N ,  G E L L I B R A N D  M A R L  A N D  
P O R T  C A M P B E L L  L I M E S T O N E
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FIGURE 26. HISTOGRAMS SHOWING TYPE AND ABUNDANCE OF 
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FIGURE 27. HISTOGRAMS SHOWING TYPE AND ABUNDANCE OF 
DISPERSED ORGANIC MATTER AND COAL IN THE 



























% DOM C o a l
□
a b s e n t 0 . 1%r a r e 0 . 1 - 0 . 5 %  0 . 5 - 2 %s p a rs e  common
2- 10%
V - V i t r i n i t e  
I - I n e r t i n i t e  
L - L i p t i n i t e
a b u n d a n t M -M in e r a l  m a t te r
I
I L
FIGURE 28* HISTOGRAMS SHOWING TYPE AND ABUNDANCE OF 
DISPERSED ORGANIC MATTER AND COAL IN THE 
EUMERALLA, WAARRE AND FLAXMANS FORMATIONS
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N u m b e r  of L E V E L  OF S O U R C E
F O R M A T I OH D E P T U ( m ) R v a a x .  s a m p l e D E S C R I P T I O N  OF 0 R G A H 1 C  H A T T E R ■ M A T U R A T I O N P O T E N T I A L
ne 111b r a n d  
Itar 1 2 2 2 . 5 - 3 2 0 . 0 0 . 2 0
L > l > V } D O M  s p a r s e  ( c l a y s t o n e  c a r b o n a t e ,
s l l t s o n e ) ;  « p o r l n l t e  c o n m o n ;  d i n o f l a g e  i m m a t u r e  p o o r  
l l n t a s  s p a r s e ,  g r e e n i s h  y e l l o w }  p y r l t e  
c o m m o n .
C l i f t o n
l o r m e t i o n
H e p u n g s  
F o r m a t i o n
D y l v l n  
F o r m a t i o n
3 2 0 . 0 - 3 5 0 . 5
3 5 0 . 5 - 4 6 0 . 2
L > V > 1 ;  D 0 M  rat e }  c u t l n l t e > s p o r l n l t e > r e s l n
ite} b r i g h t  y e l l o v ,  b u t  s o m e  d u l l  y e l l o v }  i m m a t u r e  p o o r  
i n e r t o d e t r o n l t e ) a e m i f u s i n l t e } t e l o v l t r i n  
ite le t y p l o a l l y  v i t r i n i t a }  p y r i t e  p r e e a n t .
L> V > I  j DOtI s p a r s e ( c l a y e  tona , a l i t a t o n e ,
s a n d a t o n e ,  c a r b o n a t e ) }  c u t l n l t e > e p o r i n  i m m a t u r e  p o o r  
1 t e > r e a l n i t e |  c u t i n i t e  b r i g h i  y e l l o v }  
a p o r l n l t e  y e l l o v }  r e a l n i t e  d u l l  y e l l o v ;  
p y r i t e  s p a r e e .
I > V > L ;  D 0 H  c o m m o n ( e  end s  t o n a , c l a y s t o n e ,
a l i t a t o n e ) }  c u t l n l t e > e p o r i n i t e > r e s i n i t e >  i m m a t u r a  p o o r  to 
4 6 0 . 2 - 9 5 9 . 8  0 . 4 0 - 0  47 6 l l p t o d e t r o n l t a  | c u t i n i t e  y e l l o v  to d u l l  m o d e r a t e
* * * * o r a n g e |  s p o r i n i t e  o r a n g e }  r e e l n i t a
y e l l o v  to b r i g h t  o r a n g a i  p y r i t e  c o m m o n .
P e b b l e
P o i n t
F o r m a t i o n
C u r d l e s
F o r m a t i o n
9 5 9 . 0 - 1 0 2 4 . i 0 . 4 0  1
1 0 2 4 . 1 - 1 3 0 6 . 3  0 . 4 8 - 0 . 4 9  4
I > L > V |  D 0 H  s p a r s e ( s a n d s  tone a nd s i l t
s t o n e ) }  s p o r I n i t e > r e s n l t e > s u b e r l n i t e  ; . _
s p o r l n i t e  y e l l o v  w i t h  s o m e  o r a n g e }  i m m a t u r e  P ° ® r to
r e s l n i t e  g r e e n i s h  y e l l o v ;  e u b e r i n i t e  moderati
d u l l  o r a n g e  (v a r y  w e a k  f l u o r e s c e n c e ) }
c o s i  rarel p r e d o m i n a n t l y  f u e i t a }  p y r i t e
a b u n d a n t .
I > V > L ;  D O M  s p a r s e  to c o m m o n ( e e n d s  t o n e , 
s i l t s  t o n e ,c l a y s  t o n e ) ; c u t l n l t e > s p o r i n l t e >
r e s i n i  te> l l p t o d a t r o n l  te ; c u t i n i t e  o r a n g e  ¿ M a t u r a  p o o r  to
to d u l l  o r a n g e }  s p o r i n i t e  o r a n g e }  r e a l n  m o d e r a t e
i te y e l l o v  to o r a n g e }  c o a l  rarel p r e d o
m i n e n t l y  d u r o c l e r l t a }  s e m l f u s I n i t e >
i n e r t o d e t r o n i t e i s h e l l  f r a g m e n t s
p r e s e n t }  p y r i t e  c o m m o n .
P a a r a t t e
F o r m a t i o n 1 3 0 6 . 3 - 1 5 0 2 . 6  0 . 4 9  3
I > L > V |  D 0 M  c o m m o n  ( a l i t a t o n e ,  clay
s t o n a  and a a n d s t o n e ) ;  e p o r l n l t e > r e e i n
1 t e 5 c u t  ini t e > l l p t o d e t r o n i t e > f l u o r i n i t e } . •
a p o r l n i t e  y e l l o v ;  r e a l n i t e  b r i g h t  u c *
y e l l o v }  c u t i n i t e  o r a n g a }  f l u o r l n l t e
b r i g h t  g r e e n i e h  y e l l o v  a nd l l p t o d e t r o
n l t e  y a l l o v  to o r a n g a }  c o s i  e p a r a a l
vi tri t e > d u r o c l a r l t e } t e l a v i  t r i n i  te
a b u n d a n t }  i n e r t l n l t a  s p a r s e i  l n e r t o d e
t r o n i t a > s e m i f u s i n l t e > a c l a  r o t i n i t e >  u s e r i
a l t e }  p y r i t e  c o m m o n .
m o d e r a t a
B e l f a s t  1 5 0 2 . 6 - 1 7 0 0 . 8  0 . 5 0 - 0 . 5 1  4
M u d a  tona
W a e r r e
F o r m a t i o n 1 7 2 2 . 1 - 1 8 1 6 . 1  0 . 5 0 - 0 . 5 1  5
I> L > V } D O M  rar e  to c o m m o n ( m u d a  t o n e ) }
l i p t o d e t r o n i t e > a p o r i n l t e > r e s i n i t e > c u t i  l n t t l a l l y  m o d e r a t a  
n l t e }  l i p t o d e t r o n l t a  y e l l o w  to o r a n g e ;  „ a t u X 8  7 
s p o r i n i t e  y e l l o v ;  r e a l n i t e  o r a n g e ;  
ine r tini tei l n a r t o d a t r o n i t e > s e m i f u s i n .  
ite; p y r i t e  c o m m o n .
V > I > L )  D O M  c o m m o n ( c l a y e t o n e  and s i l t  
s t o n e ) } c u t l n i t e > a p o r l n l t e > r a e i n l t e >  
f l u o r i n i t e > l i p t o d e t r o n i t e > s u b e r i n l t e }  
c u t i n i t e  o r a n g e ;  s p o r i n i t e  y e l l o v  to
o r a n g e ;  m e g a s p o r e  p r e a e n t }  r e s l n i t e  i n i t i a l l y  m o d e r a t e ,
b r i g h t  y e l l o v  a nd f l u o r i n i t e  g r e e n i s h  m a t u r e  l o c a l l y
y e l l o w ;  rar e  d u l l  o r a n g e  a u b e r i n l t a  good
(very w e a k  f l u o r e s c e n c e ) }  p y r i t e
c o m m o n ;  c o a l  co m m o n !  • d u r o c l e r l t a >
vi tri te } t e l o v i  t r i n l t e > d e t r o v l t r i n i t e ;
i n e r t i n i t e  a p a r s e t  s e m i f u s i n i t e > l n e r t o
d e t r o n l t e > m a c r i n i t a )  i s e l e r o t l n l t e
p r e a e n t .
TABLE 6 • SUMMARY OF TYPE OF MACERALS IN DISPERSED ORGANIC 
MATTER AND COAL AND HYDROCARBON SOURCE POTENTIAL 
IN THE PORT CAMPBELL N O . 1 WELL.
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H u m b e r  of L E V E L  OF SOURCE
F 0 R H A T I 0 N D E P T H ( m ) Kvroax. s a m p l e  D E S C R I P T I O N  Of O R G A N I C  M A T T E R M A T U R A T I O N POTENTIAL
B e l f a s t  
Muda tone
1 7 6 7 . 8 - 2 4 1 0 . 9  0 . 4 8 - 0 . 5 3 3
1 H ) V ¡  D OM e p a r s e (  n u d a t o n e ) ;  c u t i n l t e >  
a p o r í n 1 te> rea i n i t e > l i p t o d e t r o n l te ; 
c u t l n l t e  o r a n g e ;  a p o r l n l t e  o r a n g e  to 
d u l l  o r n n g e ;  r e a i n l t e  y e l l o w  to o r a n g e ;  
f r a m b o l d a l  p y r i t e  co a m o n .
i n i tially 
n a t u r a
aoderate
F lnxmnns 
F o r n a t i o n 24 1 0 . 9 - 2 4 7 3 . 4 0.5 4
I >L>V; D O H  a p o r a c (  a a n d a t o n e ,  a l i t a t o n e )
r e s i n i t e > a p o r l n i t e > l l p t o d e t r o n i t e ; r e a l n  i n i t i a l l y  moderate 
ite o r a n g e  to dul l  o r a n g e ;  a p o r l n l t e  n a t u r e
y e l l o w  to o r a n g e ;  l i p t o d e t r o n i t e  y e l l o w  
to d u l l  or a n g e .
Wnn r r e
F o r n a t i o n 2 4 7 3 . 4 - 2 5 9 3 . 8  0 . 6 4 - 0 . 7 1
I>L>V; l)0M c o m m o n  (aanda tone , o l l t a t o n e ,  
c l a y a t o n e ) ; c u t i n i t e > s p o r i n l t e > r e s i n i t e ;  
c u t l n i t e  o r a n g e  to d u l l  o r a n g e ;  a p o r i a  
ite y e l l o w  to o r a n g e ;  r e a i n l t e  d u l l  
o r ango; cosi co m m o n !  d u r o c l a r 1 t e > v i t r i n  
c r t l t e ;  t e l o v l t r i n i t à  a b u n d a n t ;  rare 
do trovi trini te; e e m i f u s l n i t e > f u s l n i t e >  
ine r tode t rolli to ; f u a l n l t e  wltli b o g e n  
n t r u c t u r a  co m m o n ;  p y r l t e  s p a r s e .
1 > L > V ; D O M  c o n n o n ( a l i t a t o n e ,  clay 
s t o n e  and s a n d s  t o n e ) ; a p o r i n i t e > r e e l n  
i te> cu t ini t e M i p  t o d e t r o n i t e  ; s p o r l n
E u m e r a l l a  2 5 9 3 . 8 - 2 6 9 2 . 2  0 . 7 5 - 0 . 8 4  3. ite y e l i o w  to d u l l  o r a n g e ;  r e a i n i t e
F o r n a t i o n  y e l l o w  to o r a n g e ;  c u t l n i t e  o r a n g e  to
d u l l  o r a n g e ;  coal a p a r s e !  c l a r i t a ^
d u r l t e ;  t e l l o v i t r i n i t à  c o m n o n ;  seni 
fus i n i t e > i n e r t o d e t r o n i t e > f u a l n i t e ; 





TABLE 7. SUMMARY OF TYPE OF MACERALS IN DISPERSED ORGANIC 
MATTER AND COAX AND HYDROCARBON SOURCE POTENTIAL 
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F O R M A I I OM
Fort
C a m p be 11 
L i n e n  tone
M e p u n g a
F o r m a t i o n
Dy lwln 
F o r m a t i o n
Curdles
F o r m a t i o n
P a a r a t t e
F o r m a t i o n
He 1 f o s t 
M u d a  t one
F l a x n a n i  
F o r m a t i o n
M a a r r e  
F o r m a t i o n
E u m e r a l l a
F o r m a t i o n
TABLE
D E P T H (m) Rv m a x .
N u m b e r  of 
a amp le D E S C R I P T I O N  OF O R G A N I C  H A T T E R
L E V E L  OF
M A T U R A T I O N
S O U R C E
P O T E N T I A L
surface-293.8 0.20
3 0 4 . 8 - 4 1 2 . 5  0.3.3
4 1 7 . 5 - 7 3 1 . 5  0 . 3 3 - 0 . 3 8
8 0 7 . 7 - 1 2 1 0 . 0  0 . 3 2 - 0 . 4 9
1 2 1 0 . 0 - 1 3 4 1 . 1  0 . 5 4
1 3 4 1 . 1 - 1 4 7 8 . 3  0 . 4 7 - 0 . 5 5
1 4 7 8 . 3 - 1 5 1 9 . 4  0 . 5 5
1 5 1 9 . 4 - 1 6 3 3 . 7  0 . 5 4
1 6 3 3 . 7 - 2 5 9 6 . 9  0 . 4 3 - 0 . 8 2
I > L > V ;  D O M  r a r e ( p r e d o m l n a n t l y  cnrb 
p u n t e )  ; s p o r ln 1 t e > l i p t o d e t r o n l t e ,
g r e e n i s h  y e l l o w  to y e l l o w ;  a d i r i  i m m a t u r e  p o o r
tor e  mid p h y t o p l a n k t o n  p r e s e n t ;  
f l u o r e s c i n g  E o r a m i n i f e r a  f o s s i l s  
c o m m o n ;  p y r i t e  p r e s e n t .
L > 1 > V ;  D O M  r a r e (c l a y s t o n e  a nd carb 
o n a t e )  ; s p o r i n i t e > l i p t o d e t r o n l t e ;
1 b r i g h t  y e l l o w  to o r a n g e ;  v l t r i n i t e  
p o o r l y  d e f i n e d ;  p y r i t e  p r e s e n t .
I m m a t u r e  p o o r
V > L > I ;  D O M  r n r e ( c l a y s t o n e  a n d  s a n d  
s t o n e )  ; cut i n i t e > s p o r i n i t e > res i n i t d ;
b r i g h t  y e l l o w  to o r a n g e ;  tel o v i t r i n .  i m m a t u r e  p o o r  
i t e > d e t rovi t r i n i te; s e raifusinite> 
i n e r t o d e t r o n i t e ; f r a m b o i d a l  p y r i t e  
c o m m o n .
I ) E ) V ;  D O M  s p a r s e  to c o m m o n ( s a n d  
s t o n e ,  s l l t s t o n e ,  c l a y s t o n e ) ;
j s p o r l n l t e > c u t I n i t e > l i p t o d e t r o n l t e >  i m m a t u r e  p o o r
r e s l n i t e ;  b r i g h t  y e l l o w  to o r a n g e ;  
c o a l  p r e s e n t ,  p r e d o m i n a n t l y  d u r o  
c l a r l t e  a nd v i t r l t e ;  p y r i t e  c o m m o n .
l ) L > V i  D O M  rare ( s a n d s t o n e ) ;  l i p t i n
lte p r e d o m i n a n t l y  l i p t o d e t r o n i t e ; i n i t i a l l y  m o d e r a t e  
1 m i n o r  r e s l n i t e  and s p o r l n i t e ,y e l l o w  m a t u r e  
to b r i g h t  o r a n g e ;  p y r i t e  s p a r s e .
1> L > V ; D O M  c o m m o n  to a b u n d a n t  p r e d o  
ralnnntly In m u d s t o n e s ;  a p o r l n i t e >  
c u t i n i t c  > l i p t o d e t r o n i t e  > r e s l n i t e ;
7 p h y t o p  lank t o n - l i k e  o r g a n i c  m a t t e r  . . . ,, .
* p r e s e n t ,  g r e e n i s h  y e l l o w ;  a p o r i n i t e  m o d e r a t e
b r i g h t  y e l l o w  to o r a n g e ;  c u t i n l t e  " a t u r e  
o r a n g e ;  l i p t o d e t r o n i t e  g r e e n i s h  
y e l l o w  to y e l l o w ;  r e s l n i t e  o r a n g e ;  
v l t r i n i t e  p o o r l y  d e f i n e d ;  p y r i t e  
c o m m o n .
I> L ) V ;  D O M  n p a r s e  to c o m m o n ( s i l t s  tone 
nn<l c l a y s t o n e ) ;  c u t l n i  t e ) s p o r l n l  te> 
r e s l u l t e ) l l p t o d e t r o n l t e ;  c u t i n l t e  
g r e e n i s h  y e l l o w  to o r a n g e  but s o m e  
ver y  d u l l  o r a n g e ;  s p o r l n l t e  and r e s i n  
lte y e l l o w  to o r a n g e ;  t e l l o v i c r i n i t e  
c o m m o n ;  p y r i t e  p r e s e n t .
m o d e r a t e
2
I ) L ) V ( D O M  c o m m o n  to ab und a n t ( s a n d  
s t o n e  and c l a y s t o n e ) ;  s p o r i n i t e >
flu o  rini te ; s p o r l n l t e  b r l g h t  y e l l o w  
to d u l l  o r a n g e ;  r e s i n i t e  o r a n g e ;  
f l u o r l n i t e  g r e e n i s h  y e l l o w  and c u t i n  
ite o r a n g e ;  c o a l  s p a r s e :  p r e d o m i n a n e  
ly dur i  te ; v i t r l n i t e  t y p i c a l l y
t e l o v l t r i n i  te and d e t r o v i  trini te ; 
p y r i t e  a b u n d a n t .
m a t u r e m o d e r a t e ,l o c a l l y
g o o d
1 ) L ) V ;  D O M  c o m m o n  to a b u n d a n t ( s a n d  
s t o n e ,  m u d s t o n e ) ;  s p o r i n i t e > c u t l n  
i t e > l l p t o d e t r o n l t e > r e s l n i e e ;  b r i g h t  
y e l l o w  to d u l l  or a n g e ;  t e l o v i t r i n  i n i t i a l l y  
9 i t e > d e t r o v l t r l n i t e ; coa l  rare to m a t u r e  to 8°o d  
s p a r s e :  c l a r 1 t e > v i c r i n s r t i t e > m a t u r e
c l a r o d u r i t e ;  s e m l f u s l n i t e > i n e r t o  
d e t r o n l t e > f u s i n l t e > m a c r l n i t e |  rare 
s c l e r o t i n i t e ; p y r i t e  c o m m o n .  .
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F O R M A T I O N
C u rdle*
F o r m a t i o n
F a a r a t t e
F o r m a t i o n
Ballast 
H u d a t o n a
Haarra
F o r m a t i o n
E u maralla
form a t i o n
TABLE
N u m b e r  of
D B P I N ( n )  R v x .  « a m p l e  D E S C R I P T I O N  OF Q R Q A H I C  H A T T E R
L B V B L  OF 
M A T U R A T I O N
SOURCE
mmiAk
1 0 6 0 , 7 - 1 3 1 1 . 6  0.3 9
1>L>V| D O H  c o m m o n  to a b u n d a n t | a p o r i n i t e >
c u t i n i t * > l i p t o d e t r o n i t * > r a o i n l t e )  a p o r t
1 n i t «  F a l l o w  to b r i g h t  or a n g e )  e u t l o i t m  m a t u r e  
b r i g h t  o r a n g e |  l l p t o d a t r o n l t *  y a l l p w  
to o r a n g e |  t e a l n l t e  y e l l o w )  py r l t e  
a p a r a e .
poor to 
■odorata
I > L>V) D O H  a p a r a e  to c o m m o n  ( m u d s t o n e ) }  
a p o r l n l t e > c u t l n i t s > l l p t o d * t r o n i t e > r e a i n
1 3 1 4 . 6 - 1 7 0 6 . 8  0 . 4 3 - 0 . 5 4  6 its} e p o r l n l t e  b r i g h t  f a l l o w  to o r a n g e }  i n i t i a l l y  aodsrati
c u t i n l t a  y e l l o w  to d u l l  o r e n g e }  l l p t o  m a t u r e  
d e t r o n i t e  y e l l o w  to o r a n g e  and r a a i n i t e  
o r a n g a }  p y r l t e  c o m m o n .  *'
1 7 0 6 . 8 - 2 0 1 1 . 6  0 . 3 3 - 0 . 5 6
t>L>V| D OH s p a r a *  to e o mmoni a p o r i n l t e >
cut i n i t a > r a s i n i t * > l i p  t o d a t r o n i t a ) b r i g h t  n a ture
y e l l o w  to o r a n g e }  i n a r t i n i t a  c o n a l a t a  of
s a m i f u s i n i t e  and l n a r t o d a t r o n i t a } p y r l t e
c o m mon.
modarata
2 1 0 2 . 2 - 2 2 3 5 . 5  0 . 5 8 - 0 . 7 1
I>L>V| D OH c o m m o n  to a b u n d a n t  (sand
s t o n e ,  c l a y a t o n e ) | * p o r i n i t e > e u t l n i t e >
l l p t o d o f c r o n l t e > r a o l n i t * > f l u o r l n i t e )
s p o r i n l t e  y e l l o w  to d u l l  o r a n g e }  cutln
ite b r i g h t  y e l l o w  to or a n g e |  l i p t o d a  m a t u r e
t r o n i t a  y e l l o w |  r a a i n i t e  y e l l o w  to
dull o r a n g e }  * f l u o r i n l t e  - g r e e n i s h
y e l l o w )  coal c o m m o n l  p r e d o m i n a n t l y
d u r l t e )  t * l o v i t r l n i t e > d e t r o v i t r i n i t * |
e e m i f u a i n i t e > i n a r t o d e t r o n i t a ) n e a r ite.
good
I > L > V )  DOH common t o  abundant  (mud 
s t o n a ,  s a n d s t o n e )  | cut  i n i t e > * p o r l  
n i t e > r e a l n i t e > l l p t o d * t r o n i t e |  c u t i n  
i t s  b r i g h t  y e l l o w  t o  b r o w n | e p o r i n i t e
2 2 5 5 . 5 - 3 3 1 3 . 7  0 . 6 3 - 1 . 2 1  26 ¿ a l l  or anga t o  brown| r e s i n i l e  or ange mat ure t o  good
* * ' to b r ow n )  l i p t o d o t r o n i t o  or ange to l a t e  mature
d u l l  o r a n g e )  c o a l  s p a r s e i  d u r l t e > 
e l a r i t e y d u r o c l a r l t e > v l t r l t e | t e l o v l t r l  
n l t * > d e t r o T Ì t r i n l t a |  a o n i f u o l n i t e >  
i n e r t o d e  t r o n i t e > f u o i n i  t eymact i n i  t * ) 
p y r i t a  common.
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F O R M A T I O N
N u m b e r  of L E V E L  O f S O U R C E
D E P T H ( m ) R v m a x . s a m p l e D E S C R I P T I O N  OP ORGANIC. M A T T E R M A T U R A T I O N P O T E N T I A L
Ce 1 lib r a n d  
M a r l
8 0 . 5 - 3 0 4 . 8 0 . 2 7 - 0 . 3 0 2
I > L > V i  D O M  rnr e  to s p a r s e  ( c l n y s t o n e ,  
c a r b o n a t e )  ; l i p t o d e t r o n i t e > a p o r i n i t e >  
c u t i n i t e ;  g r e e n i s h  y e l l o w  to b r i g h t  
y e l l o w ;  8 e m l f u s l n i t e > i n e r t o d e t r o n i t e ;  
v i t r l n l t e  p o p u l a t i o n  p o o r l y  d e f i n e d .
i m m a t u r e p o o r
D y l w l n  
F o r m a t i o n
4 2 3 . 7 - 7 5 1 . 0 0 . 3 0 - 0 . 3 5 2
I >V> L  ; D O M  rare to s p a r s c (c h i e f l y  s a n d  
s t o n e ) ;  v e r y  r a r e  o r a n g e  to d u l l  o r a n g e  
l i p t o d e t r o n i t e  a nd s p o r i n i t e ;  semi 
f u s i n i t e > i n e r t o d e t r o n i t e  ; p y r i t e  common.
i m m a t u r e p o o r
P e b b le
P o i n t
F o r m a t i o n
7 5 1 . 0 - 8 0 2 . 2 0 . 3 8 1
I > V > L  ; D O M  rare to s p a r s e  ( p r e d o m i  
n a n t l y  s a n d s t o n e ) ;  rare l l p t i n l t e  
I n c l u d i n g  o p o r l n i t e  and c u t i n i t e ,  
y e l l o w  to o r a n g e ,  rare v i t r i n l t e ; s e m i  
f u s i n i t e > i n e r t o d e t r o n l t e .
i m m a t u r e p o o r
C u r d l e s
F o r m a t i o n 8 0 2 . 2 - 1 0 9 7 . 3 0 . 4 7 - 0 . 5 1 2
I > V > 1.; D O M  rare to a p a r s e ( s ands t one ) ; 
c u t l n l t e > a p o r l n i t e > l l p t o d e t r o n i t e  > res 
i n i t e ;  c u t i n i t e  y e l l o w ;  . s p o r i n i t e  
b r i g h t  y e l l o w  to o r a n g e ;  l l p t o d e t r o  
n l t e  y e l l o w  to o r a n g e ;  v i t r l n l t e  popu 
l a t l o n  p o o r l y  d e f i n e d ;  a e m l f u s  i n i t e > 
l n e r t o d e t r o n i t e  ; p y r i t e  s p a n s .
i n i t i a l l y
m a t u r e
m o d e r a t e
P a a r a t  to 
F o r m a t i o n
1 0 9 7 . 3 - 1 3 3 2 . 8 0.4 7 1
I>L>.V; D O M  s p a r s e  to c o m m o n  ( s ands tone , 
s i l t s t o n e ,  c a r b o n a t e ) ;  c u t l n i t e > s p o r i  
n l t e > l i p t o d e t r o n i t e  ; c u t i n i t e  b r i g h t  
y e l l o w  to b r i g h t  o r a n g e ;  s p o r i n i t e  
y e l l o w  to o r a n g e ;  l i p t o d e t r o o 1 te 
y e l l o w ;  rare coali p r e d o m i n a n t l y  vlt 
r l n l t e ( t e l o v i t r i n l t e ) ; a e m l f u s l n l t e >  
lne r t ode t r on 1 1 e> m a c  r inite ( p y r l t a  common.
i m m a t u r e m o d e r a t e
Re Ifas t 
M u d a  tone 1 3 3 2 . 8 - 1 4 4 9 . 0 0.5 4 1
1 > 1. > V ; DOfl s p sr s e (a ands t one , ca rb on a te , 
c l n y s t o n e ) ; s p o r i n i t e > c u t i n i t e > l l p t o  
d e t r o n l t e ;  s p o r i n i t e  b r i g h t  y e l l o w ;  
c u t i n i t e  o r a n g e ;  l i p t o d e t r o n i t e  y e l l o w  
t o ' o r a n g e ;  rar e  v i t r l n l t e ;  s e m l f u s i n  
1 t e > i n e r t o d e t r o n i t e  ; p y r i t e  c o m mon.
i n i t i a l l y  
mat u ra
m o d e  rate
Eum e  r a 11 n 
F o r m a t i o n 1 5 2 4 - 1 5 4 4 . 7 0 . 5 8 1
I> L > V ;  D O M  s p a r s e ( m o a t l y  s a n d s t o n e ) ;  
c u t i n i t e  > s p o r i n i t e  7 l i p t o d e t r o n i t e ; 
c u t i n i t e  y e l l o w  to o r a n g e ;  s p o r i n i t e  
y e l l o w  to d u l l  o r a n g e ;  l i p t o d e t r o n i t e  
b r i g h t  y e l l o w  to o r a n g e ;  l n e r t o d e t r o  
n l t e > s e m i  f u s i n i t e ;  v i t r l n l t e  p o o r l y  
de f i n e d .
i n i t i a l l y  
m a t u r e  to 
m a t u r e
m o d e r a t e
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FORM A T I O N Rv m a x
N u m b e r  of 
8 ample D E S C R I P T I O N  OF O R C A N I C  M A T T E R
L E V E L  OF 
M A T U R A T I O N
S OURCE
P O TENTIAL
Dy l w i n  
F o r m a t i o n
o. 33 i
I> V >I.; D OM a p a r s e ;  c o a l  c o mmon; 
c u t l n l t e > r e a l n l t e > n p o r i n i t e > l i p t o  
d r t r o n l t c ;  g r e e n i s h  y e l l o w  to dul l  l m m o t u r e  
or a n g e ;  t e l o v l t r i n i t e  a b u n d a n t  b u t  . 
de trovi f r i n i t e  p r e s e n t ;  a e m l f u a i n l t e >  
inertodetroiiite; p y r i t e  a b u n d a n t .
poor
B u m c r n l t n
F o r m a t i o n
0 . 5 9 - 1 . 0 9 3
V > L > I ; D O M  a p a r a c  to c o m m o n ;  cutin 
l t e > s p o r i n i t e > r e s i n i t e > l i p t o d e t r o  
nite, b r i g h t  y e l l o w  to d u l l  o r a n g o ;  
coal common; v i t r l n i t e  t y p i c a l l y  
t e l o v i t r i n i  te ; rare de trovi trini te ;
n a t u r e  to 




* * c n l f u n i n i t e > i n e r t o d e t r o n l t e > f u a l n  
ite; p y r i t e  p r e s e n t .
TABLE 11 . SUMMARY OF TYPE OF MACERALS IN DISPERSED ORGANIC 
MATTER AND COAL AND HYDROCARBON SOURCE POTENTIAL 
FROM OUTCROPS NEAR OTWAY RANGE.
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is the next most abundant maceral where d.o.m. is rare (Tables 
6“H ,  Fig, 37). There are some exceptions. Vitrinite is locally 
the most abundant type in the Waarre Formation in Port Campbell 
No.l (Table 6). Liptinite is also locally the most abundant 
maceral in the Mepunga and Clifton Formations and in the 
Gellibrand Marl (Tables 6 and 8)•
Most inertinite comprises semi-fusinite, inertodetrinite and 
macrinite. Fusinite and sclerotinite are present locally. Bogen 
structure is present in some fusinite showing high reflectivity.
Sporinite, resinite and cutinite are the most abundant 
liptinite macerals. Liptodetrinite, fluorinite and suberinite if 
present, comprise minor proportions of the liptinite macerals. 
Dinoflagellates are present in the Gellibrand Marl and the Port 
Campbell Limestone. Acritarchs were also recorded from the Port 
Campbell Limestone. Struckmeyer and Cook (1985) noted some 
dinoflagellates in the Early Cretaceous sequence (Otway Group) 
but considered them to be characteristic of the Late Cretaceous 
sequence of the Belfast Mudstone.
The modal fluorescence colour of liptinites changes from the 
younger to the older sequences. In the Tertiary sequences the 
liptinites are typically greenish-yellow, bright yellow and 
bright orange (Fig. 34A). They are bright yellow, yellow, 
orange, with some greenish—yellow fluorinite in the Late 
Cretaceous sequences (Figs. 35A, C, E, G and Figs. 36A, C) and in 
the Early Cretaceous sequences, the liptinites are yellow, orange 










FIGURE 29. PLOT OF MEAN MAXIMUM VITRINITB REFLECTANCE
(Rvrajt.) VERSUS DEPTH (meters) FOR SAMPLES












FIGURE 30. PLOT OF MEAN MAXIMUM VITRINITE REFLECTANCE
(%Rvmax.) VERSUS DEPTH (meters) FOR SAMPLES
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31. PLOT OF MEAN MAXIMUM VITRINITE REFLECTANCE
(%Rvmax.) VERSUS DEPTH (metiers) FOR SAMPLES
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F I G U R E  32. P L O T  O F  M E A N  M A X I M U M  V I T R I N I T E  R E F L E C T A N C E  
(%Rvraax.) V E R S U S  D E P T H  ( m e t e r s )  F O R  S A M P L E S  
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FIGURE 33 « PLOT OF MEAN MAXIMUM,VITRINITE REFLECTANCE 
(%Rvmax.) VERSUS DEPTH (meters) FOR SAMPLES 
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Explanations of the Figure 34
A . R e s i n i t e  body i n  s i l t s t o n e ,  D y lw in  Fm ( P a l a e o c e n e - E o c e n e ) ; 
P o r t  C a m p b e ll  N o . l ,  7 4 6 .8  m, c o r e  s a m p le ;  Rvmax. = 0.42% ;  
f l u o r e s c e n c e - m o d e ;  f i e l d  w id th  = 0 .2 8  ram.
B. As f o r  F i g u r e  34A, b u t  i n  r e f l e c t e d  w h ite  l i g h t .
C .  C u t i n i t e  i n  f i n e - g r a i n e d  s a n d s t o n e ,  C u r d ie s  Fm ( L a t e  C r e t a ­
c e o u s ) ;  Flaxm ans N o . l ,  1314.6 m, co r e  s a m p le ;  Rvmax. = 0.43% 
f l u o r e s c e n c e - m o d e ;  f i e l d  w id th  = 0 .3 4  mm.
D. As f o r  F i g u r e  34c, b u t  i n  r e f l e c t e d  w h ite  l i g h t .
E .  S p o r i n i t e  i n  s a n d s t o n e ,  P a a r a t t e  Fm ( L a t e  C r e t a c e o u s ) ;  P o r t  
C a m p b ell  N o . l ,  1306.9  m, c o r e  sa m p le ;  Rvmax. = 0.49% ;  
f l u o r e s c e n c e - m o d e ;  f i e l d  w id th  = 0 .2 2  mm.
F . As f o r  F i g u r e  3 4 E ,  b u t  i n  r e f l e c t e d  w h ite  l i g h t .
G . S p o r i n i t e  i n  m u d sto n e , B e l f a s t  Mudstone ( L a t e  C r e t a c e o u s ) ;  
P o r t  C a m p b e ll  N o . 2 ,  2 162.5  m, co r e  sa m p le ;  Rvmax = 0.48% ;  
f l u o r e s c e n c e - m o d e ;  f i e l d  w id th  = 0 .2 2  mm.
H. As F ig u r e  34G» b u t  i n  r e f l e c t e d  w h ite  l i g h t .
FIGURE 34
146
Vitrinite is rare to abundant as d.o.m. It consists 
predominantly of telovitrinite which is common as discrete layers 
or elongate components, and characteristically smooth surface 
(structureless). Detrovitrinite is rare to sparse and occurs as 
fine detritus. Typically it is of relatively low reflectance. 
The vitrinite population is poorly defined in some samples, 
particularly in sandstones of the Eumeralla Formation and some 
mudstones of the Belfast Mudstone. In these samples, the 
vitrinite typically occurs as fine detritus (less than 10 micron 
diameter) with high polishing relief and is commonly associated 
with pyrite. Demarcation between this type of vitrinite and low 
reflecting inertinite is not always clear. This suggests that 
the vitrinite is not only of reworked origin but that significant 
oxidation may also have occurred. In addition, the vitrinite 
type is controlled by depositional environment, climate and the 
types of plant. Douglas (1969) suggested that during Early 
Cretaceous, the climate was temperate with moderately high 
rainfall and a seasonal dry period. Probably, a seasonal dry 
period has contributed to rapid oxidation of vitrinite 
precursors•
Coal is locally present in the Eumeralla, Waarre, Flaxmans, 
Paaratte, Curdles and Dylwin Formations and ranges in abundance 
from rare to sparse. The coals exhibit a range of 
microlithotypes, the most abundant of which are clarite, 
vitrPite, durite, duroclarite and clarodurite. Figures 37 and
Explanations of the Figure 35
A. T h i c k - w a l l e d  c u t i c l e  ( c r a s s i c u t i n i t e )  i n  t h e  B e l f a s t  
M ud ston e ( L a t e  C r e t a c e o u s ) ;  P o r t  C a m p b e ll  N o . 2 ,  2 1 6 2 .5  m, 
c o r e  s a m p l e ;  Rvmax, = 0 .48% ; f l u o r e s c e n c e - m o d e ;  f i e l d  
w i d t h  = 0 .2 2  mm.
B. As f o r  F i g u r e  35A, b u t  i n  r e f l e c t e d  w h i t e  l i g h t .
C .  T R e s i n i t e  i n  c l a y s t o n e ,  Flaxm ans Fm ( L a t e  C r e t a c e o u s ) ;
P o r t  C a m p b e ll  N o . 4 ,  1 4 9 2 .3  m, c o r e  s a m p l e ;  Rvmax. = 0.55% ;  
f l u o r é s ce.nce-mode ; f i e l d  w id t h  = 0 .2  8 mm.
D. As f o r  F i g u r e  3 5C , b u t  i n  r e f l e c t e d  w h i t e  l i g h t .
E .  R e s i n i t e  and f l u o r i n i t e  i n  mudstoné . f W aarre Fm ( L a t e •C r e t a ­
c e o u s ) ;  F la x m a n s N o . l ,  2 2 1 5 .8  m, c u t t i n g s  s a m p l e ;  Rvmax. = 0.71%; 
f l u o r e s c e n c e - m o d e ;  f i e l d  w id t h  = 0 .4 4  mm.
F .  As f o r  F i g u r e  3 5 E , b u t  i n  r e f l e c t e d  w h i t e  l i g h t ,  sh o w in g  
s e m i - f u s i n i t e  and i n e r t o d e t r o n i t e .
G . ? F l u o r i n i t e  and c u t i n i t e  (weak f l u o r e s c e n c e )  i n  m u d s to n e ,
Waarre Fm ( L a t e  C r e t a c e o u s ) .  P a r t  o f  t h e  f l u o r i n i t e  h a s become 
f l u i d  d u r i n g  t h e  s e t t i n g  o f  t h e  m o u n tin g  r e s i n ;  F laxm ans N o . l ,
2 2 1 5 .8  m, c u t t i n g s  s a m p l e ;  Rvmax. = 0 .71 % ; f l u o r e s c e n c e —mode ; 
f i e l d  w id t h  = 0 .4 4  mm.
H As f o r  F i g u r e  35G, b u t  i n  r e f l e c t e d  w h i t e  l i g h t
FIGURE 35
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38 indicate that the proportions of the maceral groups 
(vitrinite, inertinite and liptinite) are different in the coals 
as compared with the d.o.m. Vitrinite is more abundant in coals 
than in the d.o.m. Conversely inertinite is more prominent in 
the d.o.m. than in coals.
4.1.2 Maturation level and reflectance
The general dependance of both coalification and petroleum 
genesis on temperature and tissue has long been known (Rogers, 
1860; White, 1915). Most authors believe that oil is generated 
from organic matter at temperatures ranging from 60° C to 120° C 
(e.g. Kantsler et al., 1982a; Kantsler and Cook, 1979). Gas is 
generated at higher temperatures (Figs. 41 and 42). Transmission 
colour changes in spore/pollen (Staplin, 1969) and the content of 
particular components in extracts have also been used to assess 
the extent of hydrocarbon generation (e.g. Philippi, 1965; Tissot 
et al., 1974; Shibaoka et al., 1973).
Recent research has sought to establish precise 
relationships between maximum palaeotemperature, to the length of 
time of exposure to elevated temperatures and vitrinite 
reflectance (e.g. Vassoevich et al., 1970; Teichmuller, 1971; 
Hood and Castano, 1974; Mathews et al., 1975; Castano and Sparks, 
1974; Dow, 1977; Bostick, 1973, 1979; Burne and Kantsler, 1977; 
Kantsler et al., 1978a, b; Kantsler and Cook, 1979; Cook and
Kantsler, 1980; Smith, 1981; Smith and Cook, 1980, 1984). In
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Explanations of the Figure 36
A. ?Megaspore in carbonaceous mudstone, Waarre FmCLate Cretaceous); 
Port Campbell No.l, 1808.7 m, cuttings sample; Rvmax. = 0.51%; 
fluorescence-mode; field width = 0.28 mm.
B. As for Figure 36A, but in reflected white light, showing 
semi-fusinite (S), inertodetronite (I) and Pyrite (P).
C. Abundant sporinite and resinite (R) in durite, Waarre Fm 
(Late Cretaceous); Flaxmans No.l, 2215.8 m, cuttings sample; 
Rvmax. = 0.71%; fluorescence-mode; field width = 0.28 mm.
D. As for Figure 36C, but in reflected white light, showing 
semi-fusinite (S) and inertodetronite (I).
E. Thick-walled cutinite (C) in mudstone, Eumeralla Fm (Early 
Cretaceous); Flaxmans No.l, 3089 m, core sample; Rvmax. = 0.92%; 
fluorescence-mode; field width = 0.41* mm.
F. As for Figure 36E, but in reflected white light; Pyrite (P).
G. Thin coal layer consisting of clarite containing abundant 
resinite and liptodetrinite in the Eumeralla Fm (Early Creta­
ceous); Port Campbell No.2$ 2625.2 m, core sample; Rvmax. = 
0.78%; fluorescence-mode; field width = 0.28 mm.
H. As for Figure 36G, but in reflected white light, showing 





FIGURE 37 H A C E R A L  C O M P O S I T I O N  OF D I S P E R S E D  O R G A N I C  
M A T T E R  F O R  A L L  U N I T S  F R O M  T H B  P O R T  C A M P B E L L
Vitrlnite (I)
FIGURE 38 M A C E R A L  C O M P O S I T I O N  OF COALS F R O M  P O R T  
C A M P B E L L  A R E A  '
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addition these studies have been combined with a vast geochemical 
knowledge (reviewed Tissot and Welte, 1978) to attempt to 
establish the paths of the evolution of both oil and gas 
generation (Figs. 41 and 42). Although there are other rank
parameters and indicators of maturity, vitrinite reflectance is 
the most convenient, sensitive and widely accepted variable. It 
forms the basis of the maturation work in the present study.
Previous detailed work on the level of maturation in the
Otway Basin sequences includes Cook (1979) and Cook (1980).
U bo
' reflectance measurements were taken on each 
sample for between 10 and 36 samples from each of the five drill 
holes in the Port Campbell area (Tables 12-17 and Figs. 29-33). 
The highest vitrinite reflectance (1.21 per cent) was found in 
the Eumeralla Formation at 3512.8 m depth in the Flaxmans No.l 
well, while the lowest is 0.28 per cent in the Gellibrand Marl 
from the North Paaratte No.l well at 152.4 m depth. The standard 
deviation of maximum mean vitrinite reflectance for all samples 
measured ranges from 0.014 to 0.062.
Reflectance versus depth profiles range from almost linear 
(Port Campbell No.l, Fig.29) to moderately curved (Port Campbell 
No.2, 4, Flaxmans No.l, North Paaratte No.l; Figs. 30-33). The 
curvature of the reflectance profile is probably related to the 
thickness of section. High curvatures result from a combination 
of high temperatures and or temperature gradients associated with 
the proximity of basement (cf. Kantsler and Cook, 1979, and 
below)•






Cuttings Formation % Rvmax Range N
Standard
Deviation
20714 274.6 Core Gellibrand Marl 0.28 0.24-0.32 5 0.032
20715 381.0 Cuttings Clifton Fm 0.29 0.24-0.33 4 0.039
20716 478.5 Cuttings Dylwin Fm 0.40 0.34-0.45 8 0.043
20717 600.5 Core Dylwin Fm 0.42 0.38-0.50 17 0.039
20718 746.8 Core Dylwin Fm 0.42 0.36-0.50 11 0.040
20719 807.7 Cuttings Dylwin Fm 0.40 0.36-0.45 3 0.045
20820 889.4 Core Dylwin Fm 0.48 0.38-0.54 16 0.047
20721 959.8 Core Dylwin Fm 0.47 0.38-0.52 15 0.037
20722 1015.9 Core Pebble Point Fm 0.48 0.44-0.53 8 0.032
20723 1098.5 Core Curdles Fm 0.48 0.41-0.54 8 0.039
20724 1140.5 Core Curdles Fm 0.48 0.48-0.53 15 0.023
20725 1167.3 Cuttings Curdles Fm 0.49 0.45-0.53 22 0.025
20726 1219.5 Core Curdles Fm 0.49 0.46-0.52 5 0.028
20727 1306.9 Core Paaratte Fm 0.49 0.44-0.54 11 0.036
20728 1451.4 Core Paaratte Fm 0.49 0.46-0.56 8 0.036
20729 1483.1 Core Paaratte Fm 0.49 0.45-0.55 45 0.027
20730 1531.6 Core Belfast Mudstone 0.51 0.48-0.53 6 0.018
20731 1593.2 Core Belfast Mudstone 0.50 0.48-0.52 4 0.017
20732 1594.4 Core Belfast Mudstone 0.50 0.44-0.54 5 0.038
20733 1661.2 Cuttings Belfast Mudstone 0.50 0.44-0.54 5 0.040
20734 1725.7 Core Waarre Fm 0.50 0.44-0.56 9 0.038
20735 1738.5 Core Waarre Fm 0.50 0.45-0.55 20 0.030
20736 1740.0 Core Waarre Fm 0.51 0.47-0.55 21 0.027
20737 1808.0 Core Waarre Fm 0.51 0.46-0.60 45 0.030
20738 1808.7 Cuttings Waarre Fm 0.50 0.45-0.57 34 0.015






Cuttings Formation % Rvmax Range N
Standard
Deviation
20742 2162.5 Core Belfast Mudstone 0.48 0.40-0.53 3 0.068
20743 2231.1 Cuttings Belfast Mudstone 0.52 0.49-0.54 4 0.026
20744 2343.6 Core Belfast Mudstone 0.53 0.48-0.58 3 0.050
20745 2386.5 Cuttings Belfast Mudstone 0.53 0.50-0.58 6 0.034
20746 2417.0 Core Flaxmans Fm 0.54 0.48-0.57 3 0.049
20747 2493.2 Core Waarre Fm 0.64 0.54-0.70 19 0.038
20748 2500.8 Cuttings Waarre Fm 0.64 0.58-0.73 9 0.049
20749 2542.3 Core Waarre Fm 0.69 0.67-0.73 15 0.019
20750 2563.6 Core Eumeralla Fm 0.71 0.66-0.89 18 0.050
20751 2610.3 Core Eumeralla Fm 0.75 0.69-0.84 13 0.051
20752 2625.2 Core Eumeralla Fm 0.78 0.73-0.87 14 0.054
20753 2696.0 Cuttings Eumeralla Fm 0.84 0.75-0.89 8 0.052






Cuttings Formation % Ryinax Range N
Standard
Deviation
20754 173.7 Cuttings Port Campbell Lst 0.28 0.22-0.33 5 0.042
20755 365.7 Cuttings Mepunga Fm 0.33 0.27-0.39 9 0.041
20756 594.3 Cuttings Dylwin Fm 0.33 0.30-0.36 3 0.031
20757 682.7 Cuttings Dylwin Fm 0.38 0.33-0.42 15 0.027
20758 784.8 Core Curdles Fm 0.33 0.27-0.37 13 0.036
20759 882.0 Core Curdles Fm 0.32 0.30-0.35 3 0.029
29760 948.0 Cuttings Curdles Fm 0.34 0.33-0.35 2 0.014
20761 986.3 Core Curdles Fm 0.45 0.38-0.50 32 0.028
20762 1169.0 Core Curdles Fm 0.49 0.44-0.53 7 0.032
20763 1254.0 Core Paaratte Fm 0.54 0.51-0.57 2 0.042
20764 1368.5 Cuttings Belfast Mudstone 0.47 0.40-0.55 12 0.058
20765 1402.7 Core Belfast Mudstone 0.55 0.52-0.60 8 0.029
20766 1492.3 Core Flaxmans Fm 0.55 0.51-0.61 9 0.028
20767 1520.0 Core Waarre Fm 0.54 0.48-0.64 10 0.059
20768 1520.6 Core Waarre Fm 0.54 0.48-0.60 17 0.037
20769 1755.6 Core Eumeralla Fm 0.43 0.36-0.48 17 0.034
20770 1858.8 Core Eumeralla Fm 0.56 0.50-0.70 16 0.055
20771 1938.2 Core Eumeralla Fm 0.74 0.66-0.83 10 0.056
20772 2078.7 Cuttings Eumeralla Fm 0.54 0.48-0.62 9 0.057
20773 2191.8 Core • Eumeralla Fm 0.65 0.61-0.73 15 0.038
20774 2345.7 Core Eumeralla Fm 0.80 0.72-0.90 21 0.058
20775 2526.4 Core Eumeralla Fm 0.82 0.75-0.88 22 0.039
20776 2591.4 Core Eumeralla Fm 0.80 0.75-0.90 10 0.054
20777 2596.0 Core Eumeralla Fm 0.82 0.74-0.90 8 0.051






Cuttings Formation % Rvmax Range N
Standard
Deviation
20778 1260.0 Core Curdles Fm 0.39 0.33-0.44 12 0.048
20779 1314.6 Core Paaratte Fm 0.43 0.36-0.53 12 0.053
20780 1437.0 Core Paaratte Fm 0.44 0.35-0.53 9 0.058
20781 1472.2 Cuttings Paaratte Fm 0.45 0.38-0.51 5 0.047
20782 1520.0 Core Paaratte Fm 0.47 0.37-0.52 17 0.041
20783 1639.5 Core Paaratte Fm 0.54 0.49-0.62 7 0.042
20784 1665.1 Core Paaratte Fm 0.45 0.40-0.57 15 0.041
20785 1815.3 Core Belfast Mudstone 0.54 0.48-0.57 5 0.040
20786 1944.6 Core Belfast Mudstone 0.53 0.49-0.59 6 0.034
20787 1956.8 Cuttings Belfast Mudstone 0.56 0.53-0.63 4 0.046
20788 2104.5 Core Waarre Fm 0.58 0.50-0.64 15 0.043
20789 2129.0 Core Waarre Fm 0.54 0.48-0.61 9 0.041
20790 2215.8 Cuttings Waarre Fm 0.71 0.60-0.81 45 0.055
20791 2335.4 Core Eumeralla Fm 0.63 0.60-0.70 3 0.058
20792 2353.0 Cuttings Eumeralla Fm 0.70 0.62-0.80 17 0.053
20793 2397.5 Core Eumeralla Fm 0.72 0.66-0.80 5 0.053
20794 2429.2 Core Eumeralla Fm 0.72 0.69-0.74 2 0.035
20795 2482.0 Core Eumeralla Fm 0.73 0.66-0.81 12 0.045
20796 2484.7 Core Eumeralla Fm 0.75 0.64-0.86 30 0.058
20797 2517.6 Cuttings Eumeralla Fm 0.77 0.71-0.84 7 0.058
20798 2584.0 Core Eumeralla Fm 0.78 0.72-0.86 14 0.054
20799 2648.7 Cuttings Eumeralla Fm 0.75 0.70-0.82 5 0.058






















Cuttings Formation % Rvmax Range N
Standard
Deviation
2711.0 Core Eumeralla Fm 0.80 0.72-0.87 19 0.058
2749.2 Cuttings Eumeralla Fm 0.80 0.71-0.86 10 0.049
2782.5 Core Eumeralla Fm 0.68 0.63-0.81 24 0.041
2847.0 Cuttings Eumeralla Fm 0.80 0.74-0.85 4 0.039
2883.4 Cuttings Eumeralla Fm 0.87 0.81-0.92 5 0.055
2929.1 Core Eumeralla Fm 0.88 0.84-0.92 6 0.034
3088.2 Core Eumeralla Fm 0.90 0.82-0.98 11 0.059
3089.0 Core Eumeralla Fm 0.92 0.80-1.00 12 0.058
3124.0 Cuttings Eumeralla Fm 0.96 0.88-1.04 12 0.060
3198.5 Core Eumeralla Fm 0.96 0.90-1.03 11 0.046
3240.0 Cuttings Eumeralla Fm 1.01 0.92-1.10 14 0.050
3293.3 Core Eumeralla Fm 0.99 0.92-1.07 12 0.036
3337.5 Cuttings Eumeralla Fm 1.01 0.97-1.04 18 0.023
3380.0 Core Eumeralla Fm 1.08 1.04-1.13 7 0.036
3424.4 Core Eumeralla Fm 1.12 1.07-1.16 4 0.039
3456.4 Cuttings Eumeralla Fm 1.16 1.10-1.24 14 0.046
3512.8 Core Eumeralla Fm 1.21 1.14-1.27 5 0.048
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Cuttings Formation % Rvmax Range N
Standard
Deviation
21610 152.4 Cuttings Gellibrand Marl 0.27 0.27-0.28 2 0.021
21611 304.8 Cuttings Gellibrand Marl 0.30 0.25-0.34 3 0.045
21612 457.2 Cuttings Dylwin Fm 0.30 0.25-0.34 2 0.064
21613 609.6 Cuttings Dylwin Fm 0.35 0.32-0.39 5 0.028
21614 762.0 Cuttings Pebble Point Fm 0.38 0.34-0.44 3 0.053
21615 914.4 Cuttings Curdles Fm 0.51 0.49-0.54 6 0.020
21616 1066.8 Cuttings Curdles Fm 0.47 0.39-0.57 9 0.059
21617 1219.2 Cuttings Paaratte Fm 0.47 0.44-0.52 7 0.039
21618 1371.6 Cuttings Belfast Mudstone 0.54 0.47-0.60 8 0.057
21619 1544.7 Cuttings Eumeralla Fm 0.58 0.50-0.68 11 0.062






Cuttings Formation % Rvmax Range N
Standard
Deviation
21282 - - Dylwin Fm 0.33 0.25-0.40 9 0.042
21283 - - Eumeralla Fm 0.59 0.50-0.66 15 0.044
21284 - - Eumeralla Fm 0.46 0.39-0.52 30 0.035
21285 Eumeralla Fm 1.09 1.03-1.14 10 0.037
16Q
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The reflectance gradient appears to be slightly different in 
each well, but these differences may not be significant bearing 
in mind the limited sample control
for some wells. At the 0.5 per cent reflectance level, the 
reflectance gradient is low: 0.15 per cent/km in Port Campbell 
No.l; 0.2 per cent/km in Port Campbell No.l; 0.11 per cent/km in 
Port Campbell No.4; 0.18 per cent/km in Flaxmans No.l and 0.2 per 
cent/km in North Paaratte No.l. The gradient increases down 
section. At the 0.8 per cent vitrinite reflectance level in the 
Port Campbell No.2 and No.4 wells, the gradient is respectively
0.45 and 0.3 per cent. In the Flaxmans No.l well, at 1.2 per 
cent reflectance level, the gradient is 0.41 per cent/km.
Small discontinuities in the reflectance profiles for the 
Port Campbell No.4 and Flaxmans No.l wells are caused by slightly 
higher reflectance values in the Waarre Formation as compared 
with the underlying Eumeralla Formation. Vitrinite reflectance 
measurements from the underlying Eumeralla Formation were 
predominantly made on detrovitrinite submacerals. This is the 
probable source of the relatively low vitrinite reflectance value 
of the underlying values in the upper part of the Eumeralla 
Formation.
Vitrinite reflectance data from all five wells are plotted 
against depth in Figure 40. In general the data plotted show a 
relatively thin zone which has a low reflectance gradient of 
about 0.15 per cent/km close to the 0.5 per cent reflectance
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level. The gradient increases towards a value of 0.5 per cent/km 
at the 1.2 per cent reflectance level.
The section line (Fig. 39) indicates that the reflectance 
surfaces show arching approximately concordant with that of the 
stratigraphic boundaries. The depth at which the initially 
mature zone is attained (0.5% Rvmax, Figs. 39 and 40), ranges
from about 1300 m to 2000 m and this reflectance surface 
typically occurs within the Paaratte Formation or the Belfast
Mudstone. The optimal zone of oil maturation occurs in the
Eumeralla Formation (Fig. 39). Only Flaxmans No.l was drilled 
close to the deadline for oil generation and preservation (Fig. 
32). Shibaoka et al. (1973) also indicated that oil generation 
in the Otway Basin occurs at deeper levels than in the other 
basins on the Southern Australian Continental margin. Cook
(1980), Struckmeyer and Cook (1985) and Felton and Jackson (1985) 
noted that the oil generation window is deeper than 2500 m 
throughout the offshore Otway Basin where the sedimentary 
sequences are thicker than in the adjoining onshore parts of the 
basin.
4.2 THERMAL HISTORY
Increases in rank associated with increasing temperature at 
depth, and the dependence of rank gradient on geothermal gradient 
have been extensively documented for numerous boreholes (Castano 
and Sparks, 1974; Bostick, 1979; Teichmuller and Teichmuller,
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FIGURE 40. RELATIONSHIP BETWEEN VITRINITE 
REFLECTANCE (%Rvmax.) AND DEPTH 
(meters) IN PORT CAMPBELL AREA.
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F I G U R E  42. M A T U R A T I O N  M O D E L  F O R  T H E  M A I N  O R G A N I C  
M A T T E R  G R O U P S  A N D  S U B - G R O U P S ( F r o m  
S m i t h  a n d  C o o k ,  1984)
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FIGURE H3. KARWEIL DIAGRAM SHOWING RELATIONSHIP OF 
TIME (Ma), TEMPERATURE (°C) AND RANK 
SCALES (After Bostick, 1973). SCALE-C 
IS USED FOR CALCULATING THERMAL HISTORT 
OF TABLE 18.
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1982). The increase in rank with depth is often referred to as 
"Hilt's Law" (Hilt, 1873). As hydrocarbon generation is 
dependent on temperature, estimates of palaeotemperature and 
thermal history can provide an indication of the timing of oil 
generation event. Kantsler et al. (1978a) and others have 
estimated palaeotemperatures and thermal history from a knowledge 
of the burial history, present temperatures and reflectance. The 
basis of this estimate is the Karweil model as modified by 
Bostick (1973) which relates temperature, length of time of 
coalification and rank (Fig. 43).
The previous section has indicated those parts of the Port 
Campbell area that, on the basis of reflectance, are mature. 
This section, and the next, aim to assess when the elevated 
temperatures necessary for hydrocarbon generation occurred. The 
thermal history of the Port Campbell area is reconstructed on the 
basis of the Karweil diagram by comparing present day temperature 
and model temperatures derived from one of several assumptions.
The isothermal model (Tiso) assumes that temperatures have 
remained constant since burial whilst the gradthermal model 
(Tgrad) assumes constantly rising temperature (Kantsler et al., 
1978a; Smith, 1981; Smith and Cook, 1984). From these 
comparisons an assessment can be made of whether present day 
(Tpres) are higher, the same or lower than maximum 
palaeotemperatures•
The present distribution of subsurface temperatures in this
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study is based on downhole temperature data* By use of borehole 
temperature (BHT) data, geothermal gradient for each well may be 
calculated with assuming a linear relation of temperature and 
depth* Most temperatures measured downhole do not reach 
equilibrium with the formation temperatures due to fluid 
circulation. Therefore the data must be corrected to achieve a 
good approximation. In the absence of sufficient data to 
estimate true formation temperatures by extrapolation, they have 
been approximated by adding a factor of 10% (°F) to downhole 
temperature log as suggested by Harper (1971), Thomas (1979) and 
Kantsler and Cook (1979).
In obtaining the present geothermal gradient, Smith (1981) 
used the formula:
T « T0 + TXX
where T is borehole temperature, T0 the surface temperature, X is 
depth and T^ * dT/dX is the geothermal gradient. In this 
calculation, the surface temperature (onshore) is assumed similar 
to 13.8° C for the mean annual temperature in the Latrobe 
Valley-East Gippsland region as noted by Smith and Cook (1984).
Based on this formula, the present geothermal gradient in 
the Port Campbell area varies from 23°C/km to 30°C/km (Port 
Campbell No.l » 23°C/km; Port Campbell No.2 » 30°C/km; Port 
Campbell No.4 - 24°C/km; Flaxmans No.l * 29°C/km; North Paaratte 
No.l - 24°C/km). Compared with the Bass and Gippsland Basins, 
the present geothermal gradient in the Port Campbell area is, on 
average, much lower (cf. Smith and Cook, 1984).
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The thermal history data of selected formations in the Port 
Campbell area are summarized in Table 18. T^so values were 
determined from vitrinite reflectance data using scale-C (derived 
from Teichmuller, 1971) on Figure 43. Tgrad was obtained from 
Tiso value multiplied by a conversion factor 1.6 (Cook, 1982a). 
Time assigned for the coalification phase was estimated from 
Total Z and T£SO (see Fig. 43 and Table 18).
In order to establish the relative palaeothermal history of 
a formation, Smith and Cook (1984) suggested testing isothermal 
and gradthermal models against present temperature. According to 
Smith (1981) and Smith and Cook (1984) a quantitative estimate 
can be obtained by defining the following ratio:
^rad : Tlso = (Tpres - T^so) / (Tgrad ” Tiso)
If Tiso < Tpres < Tgrad the limits should be Tpres * Tiso - 0 and 
Tpres Tgrad “ !• H  Tpres  ̂Tgpad then : Igo  ̂ 1 an(l 
present formation temperatures are higher than in the past. If 
Tpres  ̂ Tfso and Gra<j : Iso is <0, the present formation 
temperatures are markedly lower than those in the past.
From the data given in Table 18 it can be seen that in 
general (with exception of several depths in the Port Campbell 
No.l, 2 and Flaxmans No.l), Tpreg < Tgra<j and G ^ d  : Iso is > 0. 
This indicates that the gradthermal model temperature is higher 
than the present temperature. This contrasts with a number of 
other Australian sedimentary basins, such as, Perth and Carnarvon 
Basins (Cook and Kantsler, 1980), Bass and Gipsland Basins
Table 18. Data relating to the thermal history of selected horizons in the Port Campbell area,





















1 2 3 4 5 6 7 8 9 10 11 12
Port Campbell 1808* 110 0.51 55 30 48 1.4 7 0.016 100 0.058 Z<Zest
No.l
Port Campbell 2500.8** 120 0.64 89 52 83 1.2 6 0.067 115 0.19 Z<Zest
No.2 2696*** 130 0.84 95 71 114 0.6 (-19) 0.148 115 0.24 Z<Zest
Port Campbell 1520* 100 0.54 50 35 56 0.71 (-6) 0.023 95 0.052 Z<ZestNo.4 2591.4*** 135 0.80 80 70 112 0.24 (-32) 0.125 110 0.14 Z<Zest
Flaxmans No.l 2129** 120 0.54 75 30 48 2.5 27 0.023 100 0.12 Z<Zest
2584*** 130 0.78 89 68 109 0.51 (-20) 0.12 115 0.2 Z<Zest
3512.8*** 135 1.21 107 90 144 0.31 (-37) 0.27 125 0.48 Z<Zest
North 1371.6* 100 0.54 47 35 56 0.57 (-9) 0.023 95 0.11 Z<Zest
Paaratte No.l 1544.7*** 130 0.58 51 40 64 0.46 (-13) 0.05 125 0.06 Z<Zest
* Belfast Mudstone 
** Waarre Formation 
*** Eumeralla Formation
(Kantsler et al., 1978a; Smith, 1981; Smith and Cook, 1984) where
the gradthermal temperatures are considerably below the present 
well temperatures. Recent studies of Struckmeyer and Cook (1985) 
suggest that high formation temperature in the past in most of 
the Otway Basin was caused by higher rates of heat flow but they 
also note cover stripping is a contributing factor in some 
onshore parts of the basin. They also noted that a local very 
high heatflow occurred during the Early Cretaceous in the Otway 
Ranges associated with major pre-Tertiary cover loss.
The Port Campbell area data suggest that an early and 
relatively rapid phase of coalification began during the 
Cretaceous. However, the Tertiary reflectance profiles are 
continuous with those in the Cretaceous sequences. This suggests 
that significant post Cretaceous coalification has also 
occurred. Cook (1980) reported that isoreflectance surfaces rise 
significantly from offshore to onshore of the Otway Basin. He 
suggested that relatively rapid, early coalification occurred 
over most of the basin and a post-Early Tertiary history of 
constant or probably falling temperatures with a lowered thermal 
drive on maturation and migration.
4.3 OIL GENERATION
Of the three maceral groups, liptinite is considered to be 
most significant producer of hydrocarbons per unit volume (Tissot 
and Welte, 1978; Smith and Cook, 1980; Cook, 1982b; Smyth, 1983;
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Smyth et al», 1984). However, vitrinite-rich source rocks, 
including sequences with coal seams are thought to be producers 
of both gas and some oil (Smyth, 1983). Even inertinite may have 
some generative potential (Smith and Cook, 1980; Smyth, 1983). 
According to Cook (1982b), hydrocarbons are generated during the 
coalification process as organic matter undergoes disproportion­
ation reactions into a hydrogen (aliphatic) rich fluid phase and 
an aromatic residuum that becomes more extensively condensed. 
Liquids generation and preservation are considered to occur over 
the rank range corresponding to vitrinite reflectances of about
0.5% to 1.3%, with the range 0.7% to 0.9% vitrinite reflectance 
being commonly accepted as being the principal zone of oil 
generation.
The reflectance data indicate the Eumeralla Formation (Otway 
Group) is mature. The Waarre, Flaxmans Formations and the 
Belfast Mudstone are generally marginally mature. The Paaratte 
Formation can also be considered marginally mature where its 
reflectance locally exceeds 0.5% (Fig. 39). As outlined in 
Section 4.1, the dispersed organic matter in these formation is 
dominated by inertinite and ranges from sparse to abundant. If 
inertinite is accepted as a possible source then a number of 
lithologies, such as the mudstone and siltstone facies within the 
Eumeralla, the carbonaceous mudstone within the Waarre Formation, 
sandy mudstone within the Flaxmans Formation and the Belfast 
Mudstone, may be considered as significant sources for
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hydrocarbons. However, inertinite may have generated at an 
earlier stage than vitrinite and liptinite, and this may have 
preceded the existence of the effective presence of some trapping 
structures and sealing mechanisms.
Liptinite or vitrinite is the second most abundant maceral 
group in the Eumeralla, Waarre, Flaxmans Formations and the 
Belfast Mudstone. Allowing for their higher specific generation 
potential they probably have the most significant generation 
potential with the Otway Basin sequences.
Felton and Jackson (1985) reported that the Early Cretaceous 
Otway Group has an average 0.76% TOC (low) with an average of 1% 
exinite, mainly sporinite and resinite; the Late Cretaceous 
Belfast Mudstone averages 1.4% TOC (fair) averaging 3% exinite 
dominated by resinite; the Late Cretaceous Curdles and Paaratte 
Formations have an average 2.1% TOC (good) averaging 4% exinite, 
dominated by resinite; and the Tertiary Dylwin Formation is 2.2% 
TOC (good). They concluded that the Late Cretaceous and Early 
Tertiary sequences are overall the best source rock in terms of 
richness and oil prone organic matter. The Early Cretaceous 
sequences are considered as the second best source rock. The 
data of Struckmeyer and Cook (1985) and those from the present 
study suggest that these estimates may be too high, especially 
for the percentage of liptinite in the Belfast Mudstone.
Although the total organic content of the Early Cretaceous 
sequences is relatively low, the Early Cretaceous sequences reach
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considerable thickness (over 2000 m) over large parts of the 
basin* Thus, their thickness may compensate partly for their low 
average TOC and relatively unfavourable maceral composition.
Cook and Struckmeyer (1985) have indicated that coals are 
active generators of hydrocarbons, but because of their scarcity 
coals are unlikely to have made any significant contribution in 
the Port Campbell area*
The model temperatures derived from the measured levels of 
rank and present well temperatures indicate it is likely that 
hydrocarbon generation from the Early Cretaceous sequences 
commenced during the Cretaceous or probably during the Early 
Tertiary phase of burial of the Late Cretaceous sequences where 
the increasing thickness of sediment caused an increase in the 
rank of burial metamorphism further down the sequence.
Dispersed organic matter, overall, ranges from rare to 
common and the highest proportion (common to abundant) occurs in 
the Eumeralla, Waarre Formations and Belfast Mudstone of the 
Cretaceous sequences and the Dylwin Formation of the Tertiary 
sequence. Coal-related organic matter is sparse and is 
restricted to the Eumeralla, Waarre, Paaratte and Curdles 
Formations of the Cretaceous sequences and the Dylwin Formation 
of the Tertiary sequence.
Overall, inertinite is the most abundant type of d.o.m. in 
the sequences in the Port Campbell area. However vitrinite is
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more prominent than inertinite in the coals which are present 
locally in the Eumeralla, Waarre, Flaxmans, Paaratte, Curdies and 
Dylwin Formations. Vitrinite and liptinite which are considered 
as the best potential hydrocarbons, occur in relatively low 
proportions in the Port Campbell area. However, the considerable 
thickness of the Cretaceous sequences may compensate partially 
for their low vitrinite and liptinite maceral content. 
Nevertheless a low migration efficiency is likely for a 
source-sequence having these characteristics.
The reflectance data show that the marginally mature zone is 
attained at about 1300 m and typically occurs in the Paaratte 
Formation, Belfast Mudstone and Waarre Formation. The principal 
zone of oil generation occurs from a depth of 2000 m and is 
confined to the Eumeralla Formation. Thus the Eumeralla 
Formation is the most effective source of hydrocarbons in terms 
of rank, as compared to other (less mature) units, such as 
Paaratte Formation, Belfast Mudstone and Waarre Formation.
Overall therefore, the relatively early phase of 
coalification and hydrocarbon generation in the Port Campbell 
area is likely to have led to the initiation of hydrocarbon 
generation and migration late in the Cretaceous or early in the 
Tertiary. Leakage at rates exceeding those of generation and 
supply could have occurred if this event preceded the existence 
of mechanisms for trapping and sealing reservoirs.
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CHAPTER FIVE
POTENTIAL PETROLEUM RESERVOIR SEQUENCES 
IN THE PORT CAMPBELL AREA
The reservoir potential of the Otway Basin has been reviewed 
by several authors (e.g. Scorer, 1966, 1971; Reynolds, 1967; 
Wopfner et al., 1971). The largest hydrocarbon accumulation 
found to date has been in the Waarre Formation (Port Campbell 
No.l, North Paaratte No.l and Pecten No.lA Wells). The Waarre 
Formation is considered to be one of the best prospects for 
future discoveries (Scorer, 1971). Moreover, current 
petrographic studies indicate the Eumeralla Formation in 
particular, and the Flaxmans, Paaratte, Curdles, Pebble Point and 
Dylwin Formations all have reservoir potential.
5.1 PETROGRAPHY -
The petrography of one hundred and forty eight thin-section 
samples from the various formations in the Port Campbell area 
were examined in detail. Of these one hundred and ten comprised 
fine to coarse-grained sandstone. The remainder consisted of 
siltstone, mudstone, marl and limestone. The detrital components 
of sandstones in the Port Campbell area include variable amounts
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of quartz, feldspar and volcanic rock fragments. Accessory 
minerals are common in several units. Detail results of the 
petrographic analyses are listed in Appendix 2B.
5.1.1 Composition 
a. Quartz
With the exception of several thin sections of volcarenite 
from the Eumeralla Formation, quartz grains are the most 
prominent constituent in all sandstones studied in Port Campbell 
area (Appendix 2B) • The quartz content of the samples ranges 
from 10 percent to 92 percent with a mean of 51 percent. 
Quartz grainsize ranges from 0.05 mm to 3 mm. Following the 
empirical classification of quartz types of Folk (1980), a 
variety of quartz types exists in almost all samples. 
Approximately 60 percent of quartz grains in the Waarre, 
Flaxmans, Paaratte, Curdies, Pebble Point, Dylwin and Mepunga 
Formations exhibits undulose extinction. Extinction angles 
measured are generally between two and six degrees. The grains 
with undulose extinction generally comprise a single crystal. 
The individual grains may contain variable numbers of vacuoles 
and microlite inclusions. Vacuoles typically occur in grains 
with only a few microlites and are commonly absent where 
microlltes are abundant. Low extinction angles and abundant 
vacuoles probably represent reworked vein quartz. The roundness 
of grains varies between subangular and rounded. The general
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roundness of the grains indicates that they are presumably of 
recycled sedimentary origin.
Simple grains of quartz which have straight extinction 
(i.e. extinguish with a stage rotation of less than one degree) 
are the second most abundant constituent in the studied 
sandstones. In the Eumeralla, Waarre and Pebble Point Formations 
grains with straight extinction comprise 30-50 percent of the 
quartz whereas in other formations they comprise 10-30 percent. 
Like the quartz with undulose extinction, these grains with 
straight extinction vary in shape from subangular to rounded and 
contain a variable number of vacuoles but rare microlite 
inclusions. The roundness of the grains suggests that they are 
also recycled sedimentary origin. Straight extinction indicates 
that these quartz grains were derived from volcanic and igneous 
rocks (e.g. the Eumeralla Formation).
Semicomposite and composite quartz grains comprise less than 
10 percent of the quartz in the Waarre, Flaxmans, Paaratte, 
Curdies, Pebble Point, Dylwin and Mepunga Formations. They are 
noticeably more abundant (about 20 percent) in the Eumeralla 
Formation and Waarre Formation. The semicomposite and composite 
quartz grains vary in shape from angular to subrounded and 
contain some vacuoles but few microlite inclusions. The variable 
size, roundness and type suggest that the quartz grains were 
derived from a first cycle metamorphic, volcanic or plutonic
source •
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In the Eumeralla Formation quartz that occurs intergrown 
with potassium feldspar (graphic texture) comprises less than 
one percent of the quartz grains. It is not present in the other 
formations and was probably derived from a volcanic or plutonic 
source•
b. Feldspar
Feldspar is a relatively minor mineral and ranges in 
abundance from 0 to 18 percent with an average of 3 percent (see 
Appendix 2B and 2C). Both potassium and plagioclase feldspars 
are present. The potassium feldspars predominate in all 
samples. They include orthoclase, microcline and perthite. In 
general orthoclase is more abundant than microcline and 
perthite. However, in the Eumeralla Formation, microcline and 
perthite are conspicuously present and are fresh and generally 
sub-angular in shape. Orthoclase is angular to subangular in the 
Eumeralla Formation, whereas in other formations it is subrounded 
to rounded. Some orthoclase grains show signs of alteration to 
sericite or clay.
Plagioclase is generally less abundant than potassium 
feldspar in all units. It is predominantly subangular to 
subrounded and sodic in composition. Some grains exhibit a 
peripheral development of clay minerals due to alteration.
Most of the feldspars in the Eumeralla Formation were 
probably derived from volcanic, plutonic and metamorphic rocks.
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The angularity and coarseness of grains together with a range of 
fresh to heavily weathered feldspars is indicative of a humid 
climate with pronounced topography (Folk, 1980), This is 
compatible with palaeofloral evidence which indicates that during 
Early Cretaceous, in Otway Basin area, there was a temperate 
climate and a moderately high rainfall but with a seasonal dry 
period (Douglas, 1969). Like the semicomposite and composite 
quartz types, feldspars in the Eumeralla and Waarre Formations 
probably have a first cycle metamorphic, volcanic or plutonic 
origin.
c. Rock Fragments
Volcanic, metamorphic and sedimentary rock fragments are the 
three main lithic fragments found in all of the thin sections 
that were examined. The abundance of rock fragments varies from 
1 percent up to 70 percent in all of the formations (see Appendix 
2B). Rock fragments are most abundant (30-70 percent) in the 
Eumeralla Formation, whereas in other formations (e.g. Waarre, 
Flaxmans, Paaratte, Curdies, Pebble Point, Dylwin and Mepunga 
Formations) they comprise less than 30 percent.
Sedimentary rock fragments comprise 1 to 10 percent of the 
total framework grains and consist of chert (0—8 percent), 
siltstone (0-4 percent), fine-grained sandstone (0-5 percent), 
mudstone (0-3 percent) and limestone (less than 1 percent). 
Chert fragments are present in all formations, but they
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are particularly abundant in the Eumeralla and Waarre Formations 
(Appendix 2B).
Fine-grained sandstone and siltstone fragments occur in the 
upper part of the sequence (Waarre, Flaxmans, Paaratte, Curdles, 
Pebble Point and Dylwin Formations). Intraclasts of mudstone are 
restricted to the Eumeralla Formation (see Section 3, Subsurface 
stratigraphy and Sedimentology in the Port Campbell area)• 
Limestone fragments occur in the Flaxmans, Belfast Mudstone, 
Paaratte, Pebble Point and Dylwin Formations but they are very 
sparse. All sedimentary rock fragments are subrounded to 
rounded, and their size range from 0.1 mm to 0.6 mm. Sedimentary 
rock fragments were derived from the underlying Tertiary, Early 
Cretaceous and basement Palaeozoic rocks (discussed in Section 
5.1.2).
Volcanic rock fragments generally form less than three 
percent of the total rock fragments in the Waarre, Flaxmans, 
Paaratte, Curdies, Pebble Point, Dylwin and Mepunga Formations. 
In contrast, in the Eumeralla Formation, they are very abundant 
(10-70 percent) with a mean value of 35 percent (Appendix 2B) • 
Volcanic rock fragments are usually angular to subangular in 
shape and they consist mainly of chloritic devitrified andesite, 
containing microlites, and trachyte. The volcanic rock fragments 
were probably derived from an intermediate to acidic volcanic 
terrain (Section 5.1.2).
The most common metamorphic fragments are schist and
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metaquartzite (0-5 percent of the framework grains)• Schistose 
detritus is more abundant in the Eumeralla Formation than in the 
overlying formations. This is in contrast to the metaquartzite 
grains which are more abundant in the upper sequences. Both 
schist and metaquartzite grains are generally subrounded to 
rounded and probably of primary detritus from a metamorphic 
terrain.
d. Accessory Minerals
The accessory minerals comprise up to 15 percent of all 
samples (mean of 8 percent). Chlorite, micas (both muscovite and 
biotite) and glauconite are present in many samples. Limonite 
and chamosite are restricted to four formations (Flaxmans, 
Paaratte, Pebble Point, Dylwin Formations). Pyrite is found in 
all samples (generally trace - 4 percent). Other accessory 
minerals include epidote, tourmaline and phosphate, but all of 
these are rare.
Chlorite minerals occur in almost all units, except in the 
Clifton Formation, Gellibrand Marl and Port Campbell Limestone. 
They generally form up to 9 percent in the Eumeralla, Flaxmans 
and Paaratte Formations, and less than 3 percent in the other 
units. The size of the chlorite varies from 0.1 mm to 0.01 mm. 
Some chlorite appears to have been formed by post-depositional 
alteration of biotite. In the Eumeralla and Waarre Formations 
biotite flakes altered to chlorite are often curled or deformed
in appearance.
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Muscovite and biotite form less than 5 percent of the 
framework grains and they are present in almost all samples. The 
grains are usually recognisable as 0.02-0.05 mm flakes. Some of 
them are weathered and altered. Muscovite and biotite were 
probably derived mainly from metamorphic basement rocks. The 
presence of unstable biotite flakes, in particular, is indicative 
of a first cycle origin. Glauconite minerals are most commonly 
found in the Belfast Mudstone and Clifton Formation (10-30 
percent). They comprise less than 2 percent in other
formations. These greenish minerals range in size from 0.1 mm to 
0.6 mm. Glauconite minerals contained in the Belfast Mudstone 
occur in variable quantities, usually as internal casts of 
foraminifera; the latter contributes to their roundness. Thus 
they indicate a marine origin. Other possibilities are that they 
formed by the breakdown of minerals such as amphibole, pyroxene, 
feldspar and biotite mica (Greensmith, 1978).
Organic matter appears as black to reddish brown detritus in 
thin section. The abundance of organic matter is variable from 
less than one percent up to 35 percent of the samples. It occurs 
as fine dispersed organic matter, coal fragments, thin coal 
layers or as stylolites.
A detailed account of the occurrence of organic matter based 
on reflectance and fluorescence microscopy and its significance 
to petroleum generation is covered in Section 4.
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5.1.2 Classification
The classification of the one hundred and ten sandstone 
samples in this study is based on the ternary system of Folk 
(1980) which is independent of textural features.
F olk’s (1980) classification is comparatively specific and it 
employs a terminology that is sufficiently new to avoid confusion 
with previous terminology. The system is based on the proportion 
of the detrital components quartz (Q), feldspar (F) and rock 
fragments (R). The Q pole (Figure 44) includes all types of 
quartz plus metaquartzite. The F pole includes all single 
feldspars together with granite and gneiss fragments. The R pole 
includes all supracrustal rock fragments such as chert, 
limestone, sandstone, shale, slate, schist and volcanics. The Q, 
F and R components are recalculated to 100 percent before 
plotting as the diagram. Prominent non-detrital grains are 
included as modifiers e.g. glauconitic sublitharenite. Folk 
(1980) has also refined the rock fragment class (litharenite) to 
accommodate the predominance of volcanic, metamorphic or 
sedimentary rock fragments (Fig. 45).
The main sandstone groups in the Port Campbell area are 
quartzarenite, sublitharenite, feldspathic litharenite, 
litharenite and volcarenite. A comparison of the Folk (1980) 
terminology for these rocks and those of previous authors 
(Krynine, 1948; Pettijohn, 1949; Folk, 1954 and McBride, 1963) is 
presented in Table 19. This will clarify some distinctions of
Q
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Table 19 Correlation of sandstone nomenclature In the Port Campbell area 
to the classification of sandstone according to other authors
Krynine (1948) Pettijohn (1949) McBride (1963) Folk (1954) Folk (1980)*
Orthoquartzite Quartzite Quartzarenlte Orthoquartzite Quartzarenlte
Low rank 
Graywacke
Subgraywacke Sublltharenlte Subgraywacke Sublltharenlte
Low rank 
Graywacke
















* Nomenclature used In this study
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previous terminology used in stratigraphy of the Port Campbell 
area, Otway Basin.
a.
The quartzarenites of the Waarre, Curdies and Dylwin 
Formations comprise 95-98 percent quartz (recalculated basis). 
Quartz grains of the Waarre Formation commonly have a straight 
extinction suggesting a volcanic, plutonic and metamorphic 
origin (Figs. 46E, F). Possible source areas include the 
Palaeozoic granites at Barraboll Hill, Phillip Island and Bass 
Strait, plus dacite and rhyodacite from the Mornington Peninsula 
and Dandenong Ranges (Edward and Baker, 1943). Palaeozoic 
schists have been intersected in the Ferguson Hill No.l well. 
The source of quartzarenite in the Curdies and Dylwin Formations 
was probably reworked from the Otway Group or sediments in the 
northern Palaeozoic hinterland.
b. Sublitharenite
Approximately 60 percent of sandstone in the Port Campbell 
area is sublitharenite. It is characteristic of the Waarre, 
Flaxmans, Paaratte, Curdies, Pebble Point, Dylwin and Mepunga 
Formations, and occurs to a minor extent in the Eumeralla 
Formation (Figure 44). The sublitharenites comprise quartz 
(15-85%, mean 50%), sedimentary and metamorphic rock fragments 
(5-25%) and feldspar (less than 10%) (Figs. 46G-H). Soim-e. r 
sublitharenites are immature to submature.
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E x p l a n a t i o n s  of the F i g u r e  46
A# Q u a r tz a r e n i te  w i t h  c a rb o n a te  cem en t (C ) ; q u a r t z  g r a in  (Q ) .
I n i t i a l  re p la c e m e n t o f  f e ld s p a r  b y  c a rb o n a te  cem ent ( c e n t r e ) ;  
C u rd ie s  Fm (L a te  C re ta c e o u s ) ;  P o r t  C a m p b e ll N o .4 , 1 0 7 2 .3  m, 
c o re  s a m p le ; p o r o s i t y  5%; m a g n i f i c a t io n  X10 ; f i e l d  w id t h  1.2mm. 
C ro s sed  p o la r s .
B. As f o r  F ig u re  46 ( A ) , b u t  i n  p la n e - p o la r i z e d  l i g h t .
C. S u b l i t h a r e n i t e  w i t h  c a rb o n a te  cem en t ( d o lo m i te  and c a l c i t e ) ;  
q u a r t z  g r a in  (Q ) ;  P a a ra t te  Fm ( L a te  C r e ta c e o u s ) ,  F laxm ans N o . l ,  
1 6 3 3 .1  m, c o re  s am p le ; p o r o s i t y  10%; m a g n i f i c a t io n  X 10 ; f i e l d  
w id th  1 .3  mm. C rossed  p o la r s .
D. As f o r  F ig u re s  4 6 (C ) ,  b u t  i n  p la n e - p o la r i z e d  l i g h t ,  s h o w in g  
i n t e r g r a n u la r  p o re  t e x t u r e  (P ) , rh o m b o h e d ra l d o lo m ite  c r y s t a l  
(D ) and q u a r t z  o v e rg ro w th s  ( 0 ) .
E . Q u a r t z a r e n i te  W aarre  Fm (L a te  C r e ta c e o u s ) ;  q u a r t z  g r a in  ( Q ) ; 
P o r t  C am pbe ll N o .2 , 2 5 4 1 .7  m, c o re  s a m p le ; p o r o s i t y  15%; 
m a g n i f ic a t io n  X 6 .3 ;  f i e l d  w id t h  1 .8  mm. C ro s s e d  p o la r s .
F. As f o r  F ig u re  4 6 (E ) ,  b u t  i n  p ¡ L a n e -p o la r iz e d  l i g h t ,  s h o w in g  
i n t e r g r a n u la r  p o re  t e x t u r e  (P ) q u a r t z  o v e rg ro w th s  ( 0 ) .
G. S u b l i t h a r e n i t e  w i t h  c a l c i t e  cem en t w i t h i n . t h e  W aa rre  Fm (L a te  
C re ta c e o u s ) ;  q u a r t z  g r a in  (Q ) ,  q u a r t z  o v e rg ro w th s  ( 0 ) ;  P o r t  
C am pbe ll NO .4 , 1571 m, c o re  s a m p le ; p o r o s i t y  20%; m a g n i f i c a t io n  
X 10 ; f i e l d  w id th  1 .3  mm. C ro s sed  p o la r s .
H. As f o r  F ig u re  4 6 (G ) , b u t  in  p la n e - p o la r i z e d  l i g h t ,  s h o w in g  
i n t e r g r a n u la r  p o re  t e x t u r e  (P ) .
u - 4 *' ' fjfPI■ v,fei£L . jm . ■ Jm v fc ■'-»-' >J?)J ^
% *j&y ^  X
. r * i
FIGURE 46
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c. Lltharenite, feldspathic lltharenite and volcarenlte
The Eumeralla Foraation and several samples of the Dylwin 
Formation plot within the lltharenite, volcarenlte and 
feldspathic lltharenite fields, where they form a continuum 
of compositions whose essential difference is in the proportion 
of volcanic rock fragments and potassium feldspar (Fig. 45). The 
lltharenite is composed of 20 to 80 percent rock fragments, and 5 
to 25 percent feldspar (mostly potassium feldspar)• Quartz 
comprises less than 25 percent of these lithologies.
More than 50 percent of sandstones in the Eumeralla 
Formation are volcarenlte. They are characteristically greenish 
grey and darker in colour than the associated lltharenite or 
feldspathic lltharenite. The volcanic rock fragments comprise
VIrhyolite, rhyodacite, andesite (often chloritic and de^rified, 
containing microlites) and trachyte. Other rock fragments 
include mainly quartz-mica-schist. Feldspars are predominantly 
orthoclase, microcline or perthite.
Probable sources for the F and R components in the Eumeralla 
Formation include the Palaeozoic granites such as those that 
occur at Barrobol Hill, Phillip Island and Bass Strait. Other 
sources areas include volcanic terrain with dacite and 
rhyodacite such as those on the Mornington Peninsula and 
Dandenong Ranges, and Palaeozoic schists like those recorded in 
Ferguson Hill No.l well.
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Explanations of the Figure 47
A. V o lc a r e n i t e ,  E u m e ra lla  Fm ( E a r ly  C r e ta c e o u s ) , s h o w in g  q u a r t z  
g r a in  (Q ) ,  v o lc a n ic  f ra g m e n t (V ) and f e ld s p a r  ( F ) ;  th e  g r a in  
a re  c o a te d  by  v e ry  t h i n  c h l o r i t e .  F laxm ans  N o . l ,  2 4 28 .6  m, 
c o re  s a m p le ; p o r o s i t y  8%; m a g n i f i c a t io n  X 1 6 , f i e l d  w id th  0 .8  
mm. C ro s sed  p o la r s .
B. As f o r  F ig u re  4 7 (A ) ,  b u t  i n  p la n e - p o la r iz e d  l i g h t ;  f e ld s p a r  
( F ) .
C. L i t h a r e n i t e , E u m e ra lla  Fm ( E a r ly  C re ta c e o u s ) ,  s h o w in g  q u a r t z  
g r a in  (Q ) ,  f e ld s p a r  (F )  and v o lc a n ic  f ra g m e n t ( V ) ;  F laxm ans  
N o . l ,  2 8 9 7 .1  m, c o re  s a m p le ; p o r o s i t y  15%; m a g n i f i c a t io n  X 2 .5 ;  
f i e l d  w id th  4 .5  mm. C ro s s e d  p o la r s .
D. As f o r  F ig u re  4 7 (C ) ,  b u t  i n  p la n e - p o la r iz e d  l i g h t ;  p o re  ( P ) .
E . V o lc a r e n i t e ,  E u m e ra lla  Fm i n  C a th o d o lu m in e s c e n c e , s h o w in g  
lu m in e s c in g  b r i g h t  o ra n g e  o f  homogeneous c a l c i t e  c em en t,  
q u a r t z  g r a in s  (Q ) and f e ld s p a r  ( F ) ;  F laxm ans N o . l ,  2 4 28 .6  m, 
c o re  s a m p le ; m a g n i f ic a t io n  X250 ( a p p r o x im a te ly ) .
F. As f o r  F ig u re  4 7 (E ) ,  b u t  d i f f e r e n t  f i e l d ,  f e ld s p a r  ( F ) ,  q u a r t z  
g r a in s  (Q ) ;  m a g n i f ic a t io n  X250 ( a p p r o x im a te ly ) .
G. As f o r  F ig u re  4 7 (E ) ,  b u t  d i f f e r e n t  f i e l d ,  c a l c i t e  cem ent ( C ) , 
f e ld s p a r  ( F ) ;  m a g n i f ic a t io n  X250 ( a p p r o x im a te ly ) .
H . As f o r  F ig u re  4 7 (E ) ,  b u t  d i f f e r e n t  f i e l d ,  q u a r t z  g r a in s  ( Q ) ,  





The term matrix refers to all material finer than 32 microns 
(5 phi)• The matrix includes fine detrital quartz and feldspar 
grains, opaque and accessory minerals, particularly mica flakes, 
and authigenic clays.
The proportion of matrix in the samples studied is variable 
with sandstones having an average matrix content of 5 to 20 
percent whilst siltstones and silty sandstones contain more than 
25 percent matrix. Scanning electron microscopy, X-ray 
diffraction and thin section analysis indicate that clay minerals 
in the sandstones and siltstones consist predominantly of 
authigenic kaolinite, chlorite, illite and sericite (see Figs. 
57-59 and Table 23, and Section 5.2, 5.3). Minor authigenic 
zeolite may also be scattered through the matrix.
b. Carbonate Cement
Carbonate cements occur within almost all units in the Port 
Campbell area. They comprise calcite, dolomite and siderite. 
Calcite is the dominant carbonate cement, ranging from 1 to 35 
percent (Appendix 2B) whilst dolomite and siderite generally form 
less than 10 percent. One cuttings sample (No.0150) is very high 
in siderite and dolomite (up to 44 percent); it may have been 
derived by caving.
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The occurrence of carbonate cement is mentioned in Section 
5.4. There is evidence that both primary and secondary calcite 
occur in the Port Campbell area. In the Eumeralla Formation of 
the Otway Group calcite cement is locally abundant (9 to 35 
percent) in the volcarenite and litharenite. Cathodoluminescence 
analysis indicates only one generation of cement with no 
compositional zoning in the Eumeralla Formation (Figs. 47E-H).
Calcite cements are also quite common (5-30%) in the upper 
sequences of the Sherbrook Group (Flaxmans, Paaratte and Curdies 
Formations) (Figs. 46A-B). Siderite occurs in the Flaxmans, 
Curdies, Pebble Point and Dylwin Formations, while rhombohedral 
crystals of dolomite (Figs. 46C-D) are clearly identifiable in 
the Paaratte and Curdles Formations. In other units dolomite 
only occurs in trace amounts. It is possible that siderite and 
dolomite formed by reaction of calcite and Fe-Mg bearing 
solutions during diagenesis (see Section 5.4).
c. Silica Cement
Silica cement consists of chalcedony, chert and authigenic 
quartz occurring as overgrowths. Silica cement occurs in almost 
all samples studied except in the Dylwin Formation. Quartz 
overgrowths are best developed in the quartzarenite of the Waarre 
Formation which contains up to 8 percent of overgrowths; other 
formations generally contain less than 3 percent.
The period of quartz overgrowths formation cannot be
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determined exactly. However it must have occurred after the 
deposition of a thin coating of dust-like clay minerals during 
late mesodiagenesis (see Section 5,4), In most cases direct 
precipitation of quartz overgrowths occurred adjacent to
the contact points of grains. Solution and reprecipitation of 
quartz and the fracturing of some quartz grains (Fig. 46F) 
resulted from overburden pressures developed during burial.
Chert and chalcedony formed by direct precipitation 
in the remaining pore spaces possibly at the same period as the 
precipitation of quartz overgrowths.
e • Limonite and Hematite cement
Limonite and hematite cements occur in the Pebble Point and 
Dylwin Formations and their average occurrence is about 30 
percent in several samples. In other units these cements 
comprise less than 1 percent. Whilst limonite and hematite are 
difficult to distinguish because they are always associated. 
Limonite is reddish brown and hematite is dark brown to opaque. 
It is probable they formed as grained-coatings by direct 
precipitation in originally porous sandstones during early 
diagnetic events (see Section 5.4).
5.2 MINERALOGY OF FINE-GRAINED ROCKS (X.R.D)
Twenty six selected samples have been studied by x-ray 
diffraction methods to identify minerals and variations in the 
clay mineral suites from several units. Semi-quantitative data
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for the minerals Identified from yray diffractograms are 
presented in Table 20. Kaolinite is the major clay mineral in 
all samples studied, followed by illite, chlorite, sericite and 
montmorillonite.
5.2.1 Non-clay minerals
Determination of mineralogy by x-ray diffraction analysis on 
26 samples was conducted with the aid of the Powder Diffraction 
File published by the Joint Committee on Powder Diffraction 
Standards. All samples were analysed using the same machine 
setting (see Section 1.5.2). The major minerals of three 
representative samples (sample Numbers 56, 120 and 19) have been 
identified as shown in Figures 48, 49 and 50.
From the diffractograms of the non-oriented whole rock 
samples, a relative abundance of mineralogical component ratio 
for the non-clay and clay fractions has been calculated using the 
method of Deere and Bayliss (1969), modified by Jones (1970). 
Peak area intensities were measured relative to a base line. For 
example, the following calculation was made from sample No.120 
(Waarre Formation) where the peak heights of the five following 
minerals were measured.
1. Quartz 101 at 3.34 X
„  o
= 214mm
2. Illite 001 at 10.0 A 3X 35mm
3. Feldspar 040 at 3.2 X 5mm
4. Kaolinite 001 at 7.13 X - 150mm
5. Muscovite 006 at 4.96 X 10mm
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S A M P L E
No.
M 1 N E R A L S CLAY M I N E R A L S
F O R M A T I O N  "
0 Me 0 A 0 H Ml P 6 Ca Sd D H l K Cl i S Mt Mx
i O e l l l -  
1> r and 
M a r l
XX r - - - r - r - X XX r - - - XX r r r r -
e D y l w i n  Em K X X r - - - r - r - - - - r - X - X X - r
13 C u r d l e s
Pin
KK X r r - - r - - - - - r - - X - r - - -
17 P a o r e t t e  
F m
X X X r - - r - X - - - - - - X - r - - r
33 P ■ ■ r • t te 
P m
XX r r - - r - X - - - - - - X r r - - r
19 Be 1 f on t 
M u d n  tone
X X - - - - X - r X - - - - - X r - - - r
2 2 Bn I f  on t 
H u d «  ton« X X r _ X - r r - - - - - X r r r - r
37 Bn l f no t 
M u d n  tone
X X - - - - X - X X - r - - - X X r r - r
90 B n l ( on t 
M u d s  tone
X X r - - - r - X X - - - - - X r X r * r
109 Be 1 f nn t 
Mudn tone
X X r - - - r - r r - - - - - X X r - - r
26 U o n r r e  Fm XX) t r - - - X - r - - - - - - X - r r - X
27 U a n r r e  Fm X X r r - r r r X - - - - - - r r X r - X
6 5 W a n r r e  Pm X X r r - - r - - - - - - - - X r r r - r
66 W n a r r e  Fm X X X - - - - r - - - - - - - - X - “ - * r
93 U n a r r e  Fm X X X r - - r - r - - - - - - X - - • r
120 H a a r r e  Fm X X r - - - r - r - - - - - X r r r
50 E u m e r a l l a
Fm
X X - r r - r - X - - - - - r X r X r - X
56 E u m e r a l l a  
P in
X X X X r X - r - - - - - - - r X X r r * X
59 E u m e r a l l a
Fm
XX r r r - r - - - - - - r r X
X r — X
63 Euine r a 11 a 
P a
X X X r r r - r r r X r ~ r
68 E u m e r a l l a
Fn
X X X r X r - r - - - - - - - r r r r r - r
73 E u m e r a l l a  
P m
X X r X r - r - - - - - - - r r r r r - r
99 E u m e r a l l c  
P m
X X X - X - - r r r - - - - - r r r r - - r
102 E u m e r a l l c
Fm XX r
r r - r - - - - - - - - r r X r - r
107 E u m e  rails 
P m xxx -
X r - r - - - - - - - r X r r r - r
12 1 E u m e  r n l I n X XX r r r X r r X r
P m
o  - q u a r t z M  - m u s c o v i t e C l  - c h l o r i t e C a  - c a l c i t e
M e  - m i c r o c J  ine M i  - m i e n I - i l l i t e S d  - o l d e r i t e
0  - o r t h o c l n e e P - p y r i t e S - s e r l c i t e D  - d o l o m i t e
A  - a ) b i t e G - g l a u c o n i t e Z - z e o l i t e H - h e m a t i t e
B - b l o t l t c K - k a o l i n l t e M t  - m o n t m o r l l I o n i t e M X  - m l x e d ^ l a y e r  c l a y
X X X - a b u n d a n t  ;; x x  = c o m m o n  : x = s p a r s e  ; r - r a r e = a b s e n t
TABLE 20. X-RAY DIFFRACTION IDENTIFICATION OF MINERALS
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FIGURE 48.X-RAY DIFRACTOQRAMS OF SAMPLE No.1 « (B ELFAST  MUDSTONE).
WHOLE  R OCK  ( A ) ,  C L A Y  F R A C T I O N  -  U N T R E A T E D  (B ) ,  G L Y C O L  (C ) ,  
H EA TE D  TO  4 8 0 * C / 1  HOUR (D )
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i 7 1  1 1 ' i— i— i— i— i— i— i— i— i— i— i— i— i— i— i— i— i68 64 60 56 54 50 48 44 4 0 36 32
A
0 -  Q u a r t z  
K - K a o l l n l t a
1 -  II l i t  •  
8 - S a r l c l t a  
C l - C h l o r i t a  
M - M u a c o v l t a  
M c - M I c r o c l l n a  
P - P y r l t a
FIQURE49.X-RAY DIFFRACTOQRAMS OF SAMPLE N o . 1 2 0  (WAARRE Fm) .  
WHOLE ROCK ( A ) ,  CLAY FRACTION -  UNTREATED ( B ) ,  
G L Y C O L  (C ) ,  HEATED TO 4 6 0 ° C /  1 HOUR (D)
2 C 1
FIGURE 50. X-RAY DIFFRACTOQRAMS OF SAMPLE No.6S(EUMERALLA Fm).  
WHOLE ROCK (A ) ,  CLAY FRACTION -  UNTREATED ( B ) ( 
QLYCOL (C ) ,  HEATED TO 4S0*C/1 HOUR (D)
2 0 2
The p e r c e n t a g e  o f  q u a r t z  m in e r a l  c a n  be c a l c u l a t e d  a s  f o l l o w s :
%Q - _________ Q101 x 100________
1001 + F040 + K001 + M006
The v a l u e s  th e n  o b t a in e d  a r e :
Q - 52% .
F = 1%
K - 36%
1 = 8 %
O t h e r  c o n s t i t u e n t s ,  s u c h  a s  o r g a n i c  m a tt e r  o r  p y r i t e  a r e  
v e r y  m in o r . A lt h o u g h  t h e  p e r c e n t a g e s  c a l c u l a t e d  b y  t h i s  m ethod  
h a v e  lo w  a c c u r a c y  i t  i s  c o n s id e r e d  t h a t  th e  in t e r s a m p le  r a t i o s  
o b t a in e d  a r e  p r o b a b ly  m e a n in g fu l  f o r  a c o m p a r a tiv e  s tu d y  o f  
m i n e r a l  c o m p o s i t i o n . To o b t a i n  g r e a t e r  a c c u r a c y , more e la b o r a t e  
p r o c e d u r e s  a r e  n e c e s s a r y .
The percentages obtained by these calculations are converted 
into volumetric abundance: absent, rare (<20%), sparse (20—40%), 
common (40-60%) and abundant (>60%). The generalized composition 
of all samples studied is presented in Table 20.
Quartz is present in all samples analysed ranging from 
common to abundant (40%-70%) with a relatively small dispersion.
F e ld s p a r  m in e r a ls  i n c l u d e  m i c r o c l i n e ,  o r t h o c l a s e  and  
T h ey r a n g e  fro m  r a r e  to  s p a r s e . O r t h o c l a s e ,  m i c r o c l i n e  
and a l b i t e  a r e  more a b u n d a n t i n  th e  E u m e r a lla  F o r m a tio n  s a m p le s ,  
p r o b a b ly  r e f l e c t i n g  t h e i r  v o l c a n i c  r o c k  d e r i v a t i o n .  M i c r o c l i n e  
and o r t h o c l a s e  o c c u r  i n  th e  W a a r re , P a a r a t t e ,  C u r d ie s  and D y lw in
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Formations. The presence of these feldspars is usually confirmed 
by the 6.42 A, 4.05 2, 3.78 a , 3.67 2, 3.53 A, 3.23 A and 2.79 2 
peaks (see Figs. 49 and 50).
Muscovite and other micas occur in all samples studied
ranging from rare to sparse. They are clearly identified by the 
, °4.96 A peak in all samples.
Pyrite is characterized by the 2.7 2 peak and occurs in the 
Eumeralla, Waarre Formations, Belfast Mudstone, Paaratte, Dylwin 
Formations and Gellibrand Marl. This mineral is more prominent 
in the Waarre Formation and Belfast Mudstone. Glauconite is only 
recorded from samples of the Belfast Mudstone. It shows a 
diffraction peak at 5.02 2.
Carbonate minerals consisting of calcite, siderite and 
dolomite were recorded from the Belfast Mudstone, Curdles 
Formation and Gellibrand Marl. Calcite is common in the 
Gellibrand Marl. Siderite is rare in the Belfast Mudstone and 
Gellibrand Marl while dolomite was recognized in the Curdles 
Formation samples (Table 20).
Natrolite, a typical zeolite mineral, is 
restricted to the Eumeralla Formation, where it probably




Clay minerals from the 26 samples studied (Table 20) range 
in abundance from 20 to 70 per cent. Kaolinite is more abundant 
than illite, chlorite, sericite, montmorillonite or mixed-layer 
clays in most samples examined from the Waarre Formation, Belfast 
Mudstone, Paaratte, Curdles, Dylwin Formations and Gellibrand 
Marl. In the samples studied, most peaks are sharp (see Figs. 
48, 49 and 50) which suggests that the kaolinite is moderately to 
well crystallized. The SEM analyses also prove that many 
kaolinite cements have well developed crystals (see Section 
5.3.2). The high kaolinite content of the fine-grained rocks in 
the Port Campbell area can probably be attributed to post­
depositional alteration (cf. Jones, 1970).
Illite is the second most abundant clay mineral and also has 
relatively sharp peaks which suggest that it is moderately 
crystalline and may be largely the octohedral variety derived 
from muscovite (Jones, 1970).
Chlorite occurs as a rare to common component throughout the 
Eumeralla Formation and is also present in the Waarre Formation, 
Belfast Mudstone and Paaratte Formation.
Montmorillonite was only recorded from the Gellibrand Marl. 
As the Gellibrand Marl does not contain volcanic material, this 
montmorillinite is probably derived from chlorite (Grim et al.,
M i x e d - layer clay minerals are rare to sparse and are found
1960).
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in all samples studied* The 4.47 A to 10.0 A minerals probably 
consist of illite, sericite, chlorite and kaolinlte in various 
types of degradation* All these mixed layer clay minerals 
probably represent alteration products of purer species in the 
source area or possibly after deposition*
5.3 POROSITY AND PERMEABILITY
5.3.1 Thin Section Analysis
Petrographic study of 148 thin sections of cuttings, cores, 
and outcrop samples from Port Cambell area yielded vertical 
variations of porosity and cements.
All of the fine-grained rocks, such as claystone, marl, 
mudstone and siltstone, have relatively uniform porosity, ranging 
from 2 percent to 8 percent (i.e., poor to negligible). The thin 
sections indicate that the degree of compaction of coarse-grained 
lithologies becomes higher with increasing depth. Moreover some 
authigenic minerals (kaolinite, illite, chlorite and secondary 
quartz) appear to be more prominent with increasing depth.
The porosity of coarse-grained rocks analysed by thin 
section were compared with the SEM analyses. Porosity was 
determined by visual and point count techniques following 
impregnation of samples with a blue dye. In this study emphasis 
was placed on the fine- to coarse-grained sandstone of each 
unit. The percentage porosity and estimates of permeability in
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this study is based on Levorsen (1967); the results are 
summarized in Table 21.
Both primary porosity and secondary porosity are present in 
Port Campbell area. The terms primary and secondary porosity 
used in this study follow the nomenclature outlined by Choquette 
and Pray (1970), and later modified by Hoholick et al. (1984). 
Primary porosity is all pore spaces formed before or during 
deposition. Secondary or post-depositional porosity occurs if 
all primary pore spaces were filled and later processes developed 
new openings at the sites of these pores. It includes 
dissolution of cement and framework, and also porosity in 
fractures and shrinkage cracks (Hoholick et al., 1984). The 
genetic types of pore systems of secondary porosity outlined in 
Schmidt and McDonald (1979a, c), Pittman (1979), Choquette and 
Pray (1970) and Shanmugam (1985) are summarized in Table 22 and 
Figure 51.
Porosity versus depth data from sixty nine representative 
samples are shown in Figure 52. The linear regression was 
obtained by using a computer program (Sl3BEC*Trig.Poly3, Dr.B.E. 
Chenhall, pers. comm., 1985). Standard regression techniques 
(Krumbein, 1965, p.223-247; Davis, 1973) were used. Linear, 
polynomial, and exponential curves were tested. Of the three 
order equations produced by computer, the first order linear 
equation provide a good overall fit (Appendices 3A, 3B and 3C). 
Where primary and secondary porosity types are examined in thin
P O R K T E X T U R E SIZEPORE
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A A C c A SP 8P A c SP 5-15 A M
Late Meso- diagenesis Late Anadia- genesis
M = MAJOR 
C «= COMMON 
SP = SPARSE 
R = RARE 
A = A3SENT
1* Choquette and Pray (1970) and 
Schmidt and McDonald (197ya,D)
2* Fairbridge (1967)and Larsen and 
Chilingar (1979)
TABLE 21* PORE TEXTURES AND DIAGENETIC FEATURES OF ALL SAMPLES EXAMINED 
FROM THIN SECTION ANALYSES.
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FRACTURING
DISSOLUTION OF SEDIMENTARY MATERIAL
'Y*9(
DISSOLUTION OF AUTHIGENIC CEMENT
DISSOLUTION OF AUTHIGENIC REPLACEMENT
VtXS O '“ “ »»
Solubla raplacamant malarial
i l G U R E  5 1 .  G E N E T I C  C L A S S E S  01 S E C O N D A R Y
S A N D S T O N E  P O R O S I T Y ( F r o m  S c h m i d t  
a n d  M c D o n a l d ,  1 9 7 9 c )
Genetic Classes of Secondary Porosity
Result of







INTERGRANULAR TEXTURES:Regular intergranular X P X P&C X P&C X P&CReduced intergranular X P X P&C X P&C X P&CEnlarged intergranular X P X P&C X P&C X P&C
OVERSIZED TEXTURES:Oversized fabric selective X X X xOversized crosscutting X X
MOLDIC TEXTURES:Grain mold X P X P&C X P&C X P&CCement mold X P X P&C X P&CReplacement mold X P X P&C X P&C
INTRA-CONSTITUENT TEXT.:Intragranular X X X XIntra-matrix X X X XIntra-cement X X XIntra-replacement X X X X
FRACTURE TEXTURES:Rock fractures X X P&C X P&C X P&CGrain fractures X X P&C X P&CIntergranular fractures X X P&C X P&C
P&C indicates open void may extend over part of the textural precursor or over the complete textural precursor. P indicates open void may extend only over part of textural precursor.
T A B L E  2 2 .  T E X T U R A L  S P E C T R U M  0 ?  S E C O N D A R Y
S A N D S T O N E  P O R O S I T Y  ( F r o m  S c h m i d t  
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FIGURE 5 2. POROSITY DEPTH RELATIONSHIPS FOR SANDSTONE
SAMPLES OF PORT CAMPBELL AREA SHOWING PRIMARY 
AND SECONDARY POROSITY DECLINE COMPARED TO 
St PETER SANDSTONE OF ILLIONIS BASIN AND 
MCKENZIE DELTA.
2 1 0
section, three distinct porosity groups and three separate linear 
regression equations give the best fit (Fig. 52). The three 
lines are compared with the Mackenzie Delta sequence of Schmidt 
and McDonald (1979a, b, c), and St. Peter Sandstone of Illinois 
Basin (Hoholick et al., 1984). Similar to the Mckenzie Delta and 
St. Peter Sandstone, the porosity of sandstone-bearing formations 
in Port Campbell area decreases gradually with increasing depth.
Figure 52 shows that the first decline line denotes primary 
porosity, having the equation 0 = 24.3036 - 0.0167d, where 0 is 
porosity in percent and d equals depth in meters. The 
Correlation coefficient (r) equals 0.81. Maximum depth of the 
first decline line is about 1400 meters (Fig. 52). The highest 
primary porosities occur in the Port Campbell Limestone, Mepunga 
Formation, Dylwin Formation, Pebble Point Formation and part of 
the Curdies Formation. In thin sections, the majority of pore 
types are macropores consisting mainly of intergranular pore 
textures. Pores are from 5 microns to 200 microns in diameter, 
and in general, are inter-connected. Usually pores are irregular 
in shape, depending on the shape, size, uniformity and 
compaction of the grains, and on the depositional process as has 
been described by Fraser (1935). Apart from pores produced by 
incomplete cementation, the pores may have been inherited from 
the depositional process.
The second decline line denotes transition between primary 
porosity and predominantly secondary porosity (Fig. 52). The
2 1 1
equation of the line is 0 5 23.8775 - 0.0070d, giving a 
correlation coefficient (r) of 0.416. The line represents 
porosity values from the Pebble Point Formation, Curdles 
Formation and the Paaratte Formation. In thin section, primary 
intergranular pore textures are still commonly found in the 
Pebble Point Formation, are rare in the Curdles Formation and 
absent in the Paaratte Formation (Table 21). Sparry calcite and 
dolomite cement in the Curdles Formation started to replace clay 
matrix and partially filled the remaining pore spaces. 
Furthermore, mechanical compaction caused some of the grains to 
become Interlocked with each other and this has reduced 
porosity. The quartz overgrowths cement was then developed, 
indicating that silica has been dissolved from the sand grains at 
the contact points (Waldschmidt, 1941). This evidence suggests 
the probability of partial early mesodiagenesis in the Curdles 
Formation. Mesodiagenetic regimes were defined by Choquette and 
Pray (1970) and Schmidt and McDonald (1979a, b) as the subsurface 
regime during effective burial, which is analogous with 
anadiagenesis of Fairbridge (1967) and Larsen and Chilingar 
(1979).
The third decline line (Figure 52) is similar to the second 
one but is slightly steeper; the linear regression is 0 * 24.0267 
- 0.0056d, where 0 is porosity (%) and d is depth in meters. The 
line represents units with major secondary porosity in Port 
Campbell area, i.e., the Flaxmans, Waarre and Eumeralla
Formations•
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Secondary porosity appears to have started at 1250 m depth 
in the shallow parts of the boreholes, where it is categorized 
into the second line above. However, more extensive secondary 
porosity occurs from 2000 m to the deepest unit (3513.7 m) in 
Flaxmans No.l well.
Reduced intergranular pore textures are common to 
abundant in the Flaxmans, Waarre and Eumeralla Formations. This 
texture was possibly the result of chemical compaction through 
dissolution at grain contacts, grain deformation, syntaxial 
cementation and fringing cementation. The reduced intergranular 
pore textures are predominantly irregular in shape, ranging from 
50 microns to 100 microns in diameter (macropores) • Sparse to 
common intra-granular pore textures are formed in the Paaratte, 
Waarre and Eumeralla Formations. Most of the intra-granular pore 
textures result from partial dissolution of framework grains, in 
particularly potash feldspar, some chlorite, volcanic fragments, 
and minor quartz fragments. These textures are more extensive in 
the Eumeralla Formation, because of the relatively unstable 
framework grains in the volcarenite, litharenite and feldspathic 
litharenite. The size of pores ranges from micro to macro (2-100 
microns) and the pores are clearly of secondary origin. Some 
pores have been formed by authigenic dissolution of carbonate
cement•
Intra-cement pore textures are also significantly present, 
as the result of incomplete replacement of dissolution cement,
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such as calcite, siderite, chlorite and silica. They commonly 
occur as micropores (2-25 microns in diameter) and therefore, 
they may also contribute significantly to the porosity. 
According to Pittman (1979), argillaceous sandstone has a 
significant microporosity, regardless of whether the clay is 
authigenic or allogenic in origin. Based on his study, the 
Mesaverda Sandstone has a significantly high porosity (11.1%) 
that is all formed by microporosity. Whilst microfractures are 
recognised in the Eumeralla Formation (maximum 5 microns in width 
and more than 500 microns in length), they have been partially 
filled by thin films of chlorite and silica which reduce the 
effective microfracture porosity.
Petrographic study of all sandstones from the Port Campbell 
wells reveals that porosity decreases with increasing depth, 
which coincides with an increase in the development of diagenetic 
features. The porosity gradient in the Port Campbell area is 
about 5 percent per 500 m from the surface to a depth of 1200 m, 
coinciding perfectly with the decrease in primary porosity. 
Then, the gradient decreases to 2 percent per 500 m throughout 
the region of secondary porosity to the total depth of 3513.7 m 
(Fig. 53). Similar changes have been recorded by Maxwell (1964), 
Atwater and Miller (1965) and Galloway (1974). Selley (1978) 
established a number of factors controlling porosity gradients,
l.e.
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(a) temperature (geothermal gradient),
( b ) pressure gradient,
(c) chemical composition of sediment, and
( d )  p o r e - f l u i d  c h e m i s t r y .
The relationship between porosity and permeability for each 
stratigraphic unit is shown in Figure 54, where permeability 
(millidarcy) data was obtained from Scorer (1966). The 
controlling factors affecting permeability are grain size, 
sorting, shape, roundness and packing, four of which are 
measurable. In addition burial and length of burial time 
contribute to changes in porosity and permeability because of 
diagenetic effects.
B o th  th e  p e r m e a b ili t y  and p o r o s i t y  o f  th e  W aarre F o r m a t io n ,  
p a r t i c u l a r l y  i n  th e  q u a r t z a r e n i t e ,  a r e  v e r y  h ig h  ( a v e r a g e  475 
m i l l i d a r c y  and 20% r e s p e c t i v e l y ) • T h in  s e c t i o n  a n a l y s i s  
i n d i c a t e s  th e  q u a r t z a r e n i t e  o f  th e  W aarre F o r m a tio n  i s  m edium - t o  
c o a r s e - g r a i n e d , m o d e r a te ly  to  w e ll  s o r t e d , w e ll  rounded and w e l l  
p a c k e d . S im i l a r  ,t e x t u r a l  c h a r a c t e r i s t i c s  h a v e  been n o te d  i n  
o t h e r  r o c k s  o f  h ig h  p e r m e a b i li t y  ( T a y l o r ,  1950; L o w ry , 1956).
A plot of the percentage of matrix and percentage of 
porosity is illustrated in Figure 55. Regression analysis 
yields an equation line of Y 83 2.419 + 0.460X, where Y is 
porosity and X equals matrix. The correlation coefficient is 
rather low (0.270). The graph shows some tendency for a 
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FIGURE 5 5<CHART SHOWING PLOT OF PERCENT MATRIX TO PERCENT POROSITY
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Of particular significance is the moderate to high porosity of 
samples with matrix less than 10 percent (Fig. 55). These 
sandstones may be considered to have marginal to favourable 
reservoir potential. The samples which have a high matrix 
content are predominantly immature argillaceous sandstone, but 
they may still be categorized to be marginally favourable as 
potential reservoirs on the basis of their porosity 
characteristics.
There is some possibility that mineralogy controls porosity, 
in particular the porosity gradient (Selley, 1978). A plot of 
quartz content versus porosity in the Port Campbell area 
(Fig. 56) indicates that increasing quartz content is accompanied 
by an increase in porosity. In the fluviatile part of Eumeralla 
Formation the quartz content is lower than in the paralic and 
fluvio-deltaic sequences of the Waarre, Curdles and Dylwin 
Formations and the littoral to shallow marine sequences of the 
Flaxmans, Paaratte, Pebble Point and Mepunga Formations. The 
fluviatile Eumeralla Formation contains abundant feldspar, 
volcanic rock fragments, mafic grains and other minerals which 
exhibit some evidence of transformation to authigenic clay that 
has resulted in reduced porosity.
The second and third curves on Figure 56 also indicate that 
as quartz content increases, the porosity increases. The quartz 
content and hence porosity is in part related to stratigraphic 










QUARTZ  C ONTE N T  (%)
FIG U R E 56 D IA G R A M  S H O W IN G  Q U A R T Z  C O N T E N T  A N D  P O R O S I T Y  W H ICH  A R E R E L A T E D  T O  D E P O S I T I O N A L  
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The high proportion of relatively unstable grains (volcanic 
fragments, felspar and mafic minerals) in the Eumeralla Formation 
reflects derivation from an elevated volcanic terrain (see 
Section 5.1). Reworking of this source material resulted in a 
decrease in proportion of unstable grains in the overlying 
paralic and fluvio-deltaic formations (Waarre, Curdies and Dylwin 
Formations).
Further reworking in the relatively high energy littoral to 
shallow marine setting enhanced the removal of the more unstable 
grains and contributed to a relatively quartz-rich lithology 
(Section 3). The relatively quartz-rich and often slightly 
better sorted and rounded sand grams...which occur towards the 
upper part of the succession have a high primary porosity 
inherited from packing arrangements during deposition and a lack 
of compaction. At intermediate depths and toward the middle of 
the succession dissolution has resulted in secondary porosity. 
Towards the base of the succession there is a reduction in 
secondary porosity that probably reflects both the increase of 
diagenetic effects with depth and the increase in the proportion 
of relatively unstable grains. Other authors have reported a 
decrease in porosity with increasing quartz content in North Sea 
oil-bearing sandstones e.g. Nagtegaal (1978) and Selley (1978). 
In contrast to the Port Campbell area, successions in the areas 
studied by these authors quartz-rich lithologies in the lower 
part of the sequences and porosity reduction occurred as a result
2 2 1
of quartz overgrowths. The difference in the results between 
these studies indicates that whilst porosity reducing diagenetic 
processes associated with depth provide a primary control, these 
processes are substantially affected by the depositional 
environment, tectonic history and nature of the source terrain.
5.3.2 Scanning Electron Microscopy
Significant information on types of porosity can be obtained 
using scanning electron microscopy (SEM) • The most important 
feature of SEM is that it enables examination of very small-scale 
textural relationships, pore-throat configurations, shape, size 
and orientation of pores, and other factors which affect the 
porosity and permeability of reservoir rocks.
The pore system of 15 core samples from the Port Campbell 
area were examined by SEM. The samples comprise quartzarenite, 
sublitharenite, litharenite and volcarenite which were selected 
from the five wells at different depths and stratigraphic 
levels. Most of the samples are representative of possible 
or potential reservoir rocks in the Port Campbell area. The 
stratigraphic units selected range in age from Early Tertiary 
(Dylwin Formation and Pebble Point Formation) through Late 
Cretaceous (Curdles, Paaratte, Flaxmans and Waarre Formations) to 
Early Cretaceous (Eumeralla Formation)• Pore texture 
characteristics of the various formations are summarized in Table 
23 and photomicrographies are presented in Figures 57, 58 and
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M = Major 
C = Common 
SP ■ Sparse 
R = Rare A = Absent
1* Choquette and Pray (1970) 
and Schmidt and McDonald (1979a,b)
2 *  Fairbridge (1967) and
Larsen and Chilingar (1979)
TABLE 23. PORE TEXTURES AND DIAGENETIC FEATURES OF ALL SAMPLES EXAMINED 
BY SCANNING ELECTRON MICROSCOPE.
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E x p la n a t io n s
A. Q u a rtza re n ite »  D y lw in  Fa  (P a la e o c e n e -E o c e n e )» show ing a q u a rtz  
g r a in  (Q) o f  medium sand  s iz e d  g r a in  (0 .3  mm). A l lo g e n ic  ( d e t r i -  
t a l )  k a o l i n i t e  are com p le te ly  f i l l i n g  the pore sp ac e s; P o rt  
Cam pbell N o . l ,  889.** m, core  sam ple; p o r o s i t y  101-15% ; m a g n if i­
c a t io n  X60.
B. An en la rgem ent o f  the a rea  in d ic a te d  by the b la c k  squa re  in  
F ig u re  57A, show in g  d e t r i t a l  k a o l in i t e .  M ic ro p o re s  w it h in  d e t r i -  
t a l  k a o l i n i t e  a re  w e l l  d e f in e d  ra n g in g  from  10 to  20 m icron s
i n  le n g th ;  m a g n if ic a t io n  X600.
C. M e d iu a -g ra in e d  6 u b l i t h a r e n i t e , Pebb le  P o in t  Fm (P a la e o c e n e ), 
show in g  p r im a ry  in t e r g r a n u la r  pore t e x tu re  (P ) and su b a n g u la r  
t o  sub rounded  q u a r t z  g r a in s  (Q ). A l lo g e n ic  ( d e t r i t a l )  k a o l in i t e  
m a tr ix  l i n e s  the p o re s . P o r t  Cam pbell No.<(, 781.8  m , core  
sam ple; p o r o s i t y  20%; m a g n if ic a t io n  X22.
D. An en la rgem en t o f  the  a re a  in d ic a t e d  by the b la c k  squa re  in  
F ig u re  57C, show in g  d e t r i t a l  k a o l in i t e  l i n i n g  the  p o re s ;  m agn i- 
m a g n if ic a t io n  X 108.
E. An en la rgem en t o f  the  a rea  in d ic a t e d  by the b la c k  squa re  in  
F ig u re  570» show ing  fa ce  t o  fa ce  s ta c k  and e lo n g a te d  verm iform  
b o o k le t s  o f  k a o l i n i t e  m a tr ix .  M ic ropo re6  are  p a r t l y  due to  the  
p la t e le t  a rrangem ent' o f 'k a o l i n i t e ;  m a g n if ic a t io n  X1200.
F. F in e -g ra in e d  q u a r t z a re n it e »  C u rd ie s. Fm (La te  C re ta ce ou s)»  
show in g  w e l l  in t e r lo c k e d  o f  q u a rtz  g r a in s  (top  r i g h t  c o m e r ) ;  
q u a rt z  (Q ); po re  sp zce s  a re  com p le te ly  f i l l e d  by  c a lc i t e  cement; 
P o r t  Cam pbell No.*», 1072 .6  m» co re  sam ple; p o r o s i t y  5% -10% ; 
m a g n if ic a t io n  X51.
G. An en la rgem ent o f  the  a re a  in d ic a t e d  by the  b la c k  squa re  i n  
F ig u re  57F» show in g  a n t h ig e n ic  c a lc i t e  cement (C ) and do lom ite  
rhom bohedra (to p  l e f t  c o m e r ) ;  m a g n if ic a t io n  X1080.
o f  th e  F ig u r e  57
H. A r g i l l a c e o u s  s u b l i t h a r e n i t e ,  C u rd ie s  Fa  (L a te  C re ta c e o u s ) , 
show ing  a n t h ig e n ic  k a o l i n i t e  in d ic a t e d .b y  b lo c k  box and po re  
(P ) .  P o r t  Cam pbell N o . l ,  1219.5  m, core  sam p le ; p o r o s i t y  10%- 
15%; m a g n if ic a t io n  X180.
I .  An en la rgem ent o f  the  a rea  in d ic a t e d  by the  b la c k  sq ua re  i n  
F ig u re  57H, show ing  face  t o  face  o f  p seu dohexago na l p la t e s  o f  
k a o l i n i t e ;  m icropo re  ( P ) . i s  v i s i b l e ;  m a g n if ic a t io n  X840.
J .  A s f o r  F ig u re  571, bu t h ig h  m a g n if ic a t io n  (X 1 8 0 0 );  k a o l i n i t e
(K).
K. S u b l i t h a r e n i t e ,  P a a ra t te  Fm (L a te  C re ta c e o u s ) ,  show in g  a h ig h  
c la y  m a tr ix  con te n t  o f  (7 )  k a o l i n i t e ;  P o r t  Cam pbell No. 4 , 1254 
m, co re  sam ple; p o r o s i t y  5% -10%; m a g n if ic a t io n  X21.
L. An en la rgem ent o f  the a re a  in d ic a t e d  by the  b la c k  squa re  i n  
F ig u re  57k , show in g  a rounded q u a rtz  g r a in  (Q) coa ted  by t h in  
c la y  m a tr ix ;  m a g n if ic a t io n  X102.
M. S u b l i t h a r e n i t e ,  P a a ra t te  Fm (La te  C re ta c e o u s ) ,  show in g  a  h ig h  
c la y  m a tr ix  con te n t o f  (7 ) k a o l i n i t e  and c h lo r i t e ;  Flaxm ans 
N o . l ,  1639.5  m, core  sam ple; p o r o s i t y  S% -10% ; m a g n if ic a t io n  
X50.
N. As f o r  F ig u re  57M, bu t d i f f e r e n t  f i e l d ,  show ing  a f e ld s p a r  
g r a in  ( F ) ;  m a g n if ic a t io n  X60.
O. A r g i l l a c e o u s  s u b l i t h a r e n i t e ,  F laxm ans Fm (La te  C re ta c e o u s ) ,  
show in g  a  h ig h  c la y  m a tr ix  con ten t o f  c h lo r i t e  and p o s s ib l y  
i l l i t e .  P o r t  Cam pbell N o .2, 2H 68.3 , core  sam ple; p o r o s i t y  5%- 
10%; m a g n if ic a t io n  XB*4.
P. As f o r  F ig u re  57 0 , b u t  d i f f e r e n t  f i e l d ,  show ing  a n th ig e n ic  




59. Mineral identification is based on Scholle (1979) and Welton 
(1984).
a. Dylwin Formation
The sample examined is quartzarenite collected from Port 
Campbell No.l well at 889.4 m depth. The medium grains (0.3 mm) 
on Figures 57A, B are presumed to be quartz, the dominant mineral 
of the sand-size fraction. Clay minerals, consisting 
predominantly of allogenic (detrital) kaolinite, are seen here 
completely filling the pore space of the quartzarenite. Iregular 
intergranular micropores occur between matrix grains (Fig. 57A). 
The micropores within the clay matrix range from 10 microns to 20 
microns in length. This probably provides fair porosity (10-15%) 
and fair permeability (1.0-10 md; classification of Levorsen, 
1967). Authlgenic cement is not well developed in the pore 
spaces which suggests that the rock has a primary intra-matrix 
pore texture. This sample does not contain carbonate cement; the 
allogenic kaollnite-matrix possibly lined the pore spaces during 
early diagenesls or the eodiagenesls regime of Schmidt and 
McDonald (1979b)•
b. Pebble Point Formation
The sublitharenite of the Pebble Point Formation has a high 
preserved primary intergranular pore texture (Figs. 57C, D, E). 
The pores are of uniform diameter (average 200 microns) and have
E x p la n a t io n s  o f
I .  An en largem ent o f  the a re a  in d ic a te d  by the b la c k  squa re  in  
F ig u re  58H, shew ing a  f e ld s p a r  g ra in  (F ) which i s  a lm ost com­
p le t e ly  re so rb e d  c r e a t in g  secondary p o r o s it y ,  q u a rtz  (Q ); magni­
f i c a t io n  X100.
J .  As f o r  F ig u re  58H, b u t  d i f f e r e n t  f i e ld ,  show ing fa c a  to  face 
s t a c k s  o f  a u th ig e n ic  k a o l in i t e  f i l l i n g  the pore sp a c e s ; magni­
f i c a t i o n  X1800.
K. C o a r se -g ra in e d  q u a r t z a re n it e ,  Waarre Fm (La te  C re ta ce o u s),  
show ing q u a rtz  g r a in s  (Q) and a u th ig e n ic  q u a rtz  o ve rg row th s; 
se con da ry  in t e r g r a n u la r  pore te x tu re s  are w e ll  deve loped  in  
t h i s  sample (P ) ;  P o r t  Cam pbell N 0 .2 , 2535 a , core  sam ple; 
p o r o s i t y  101-15% ; m a g n if ic a t io n  X17.
L. An en largem ent o f  the  a rea  in d ic a te d  by the b la c k  squa re  in  
F ig u re  S8K, show ing  c la y  m a tr ix  f i l l i n g  the p o re s ;  pore (P ) ,  
q u a rtz  g r a in  (Q );  a u th ig e n ic  q u a rtz  overgrow ths are  v i s i b l e  
a t  the  top  and bottom  r i g h t  co rn e r; m a g n if ic a t io n  XU3.
H. An en la rgem ent o f  the  a re a  in d ic a te d  by the b la c k  squa re  in  
F ig u re  S8L , show ing  a u th ig e n ic  k a o l in i t e  (K ) oocu rr im g  -as 
fa ce  to  face  s t a c k s  o f  pseudohexagona l p la te s  o r  b ook s; 
m a g n if ic a t io n  X840.
N. A s f o r  F ig u re  58K, b u t  d i f f e r e n t  f i e ld ,  show ing p o r e - f i l l i n g  
fra m b o id a l p y r i t e  (P y ) ,  m icropores (P ) ;  m a g n if ic a t io n  X2100.
O. T ig h t l y  packed v o lc a re n it e ,  Eum era lla  Fm (E a r ly  C re ta c e o u s ).
Pore  space s have been com p lete ly  f i l l e d  by a u th ig e n ic  c h lo r i t e ,  
k a o l i n i t e  and i l l i t e ;  P o r t  Cam pbell Mo.1!, 2407 m, core  sam ple; 
p o r o s i t y  5% -10% ; m a g n if ic a t io n  X600.
P . An en la rgem ent o f  the a re a  in d ic a te d  by the b la c k  squa re  i n  
F ig u r e  58 0 , show in g  p o ta ss iu m  fe ld s p a r  g r a in  ( F ) ;  a m icro ­
f r a c t u r e  o f  2 m ic ron s  w id th  and 100 m icrons le n g th  o ccu rs  
between d e t r i t a l  f e ld s p a r  and ro ck  fragm ent g r a in s ;  m a g n if ic a ­
t io n  XSOQ.
F ig u r e  58
A. P o o r ly  s o r te d  f in e - t o  m edium -gra ined s u b l i t h a r e n i t e ,  W aarre Fa 
(L a te  C re ta c e o u s ) ,  show ing c la y  m a tr ix  o f  k a o l i n i t e  -and s e r i — 
c i t e  l i n e s  p o re s ;  P o r t  Cam pbell No.%, 1S20 a ,  c o re  sam p le; 
p o r o s i t y  15%; m a g n if ic a t io n  XSO.
B. An en la rgem ent o f  the a rea  in d ic a te d  by the b la d e  squa re  i n  
F ig u r e  58A i show ing m uscovite  o r  m ica CM); m a g n if ic a t io n  X2*»0.
C. W e ll s o r t e d  m edium -gra ined s u b l i t h a r e n i t e , W aarre Fm, show in g  
show in g  se con d a ry  in t e r g r a n u la r  pore te x tu re  and th e  q u a r t z  
g r a in s  are* p a r t l y  in t e r lo c k e d  (bottom r i g h t  c o r n e r ) ; P o rt  Camp­
b e l l  N o .% , 1571.5  m, core sam ple; p o r o s i t y  15% -20% ; m a g n if ic a t  
t io n  X36.
D. As f o r  F ig u re  58 C, but d i f fe r e n t  f i e l d ,  show in g  fa c e  t o  fa ce  
and edge t o  face  s ta c k s  o f  k a o l in i t e  (K ) and c a l  c i t e  cement 
(b o tto m ); m ic ropo re s  ( ? )  a re  in te r -c o n n e c te d  and have  a  m axi­
mum d iam ete r o f  20 m ic ron s. A t  l e f t  c o rn e r  o f  t h e 'p h o to g r a p h ,  
p ro b a b ly  a u th ig e n ic  q u a rtz  o ve rg row th s; m a g n if ic a t io n  XS80.
E. Q u a r t z a re n it e , Waarre Fm, show ing subrounded q u a r t z  g r a in  (Q ) 
and se co n d a ry  in t e r g r a n u la r  pore te x tu re  ( P ) ;  p o s s ib l e  a n t h i -  
g e n ic  q u a r t z  o verg row ths p re se n t  a t  bottom  r i g h t  c o m e r  o f  the  
p h o to g rap h ; P o r t  Cam pbell N o . l ,  1725.7  a ," co re  sam p le ; p o r o s i t y  
10% -15% ; m a g n if ic a t io n  XSO.
F. Aa f o r  F ig u re  5 8 E ,  bu t d i f f e r e n t  f i e l d ,  show ing  -a ic ro p a re s  w h ich  
a re  w e l l  deve loped  w it h in  the  i l l e t e  cement; m a g n if ic a t io n  X180.
6. A s f o r  F ig u r e  S 8 F ,  b u t  h ig h  m a g n if ic a t io n  (X 6 0 0 ) ,  show ing a d c ro -  
p o re s  w it h in  h a i r y  i l l i t e  ( I )  in c r e a s in g  m ic r o p o ro s it y  o f  th e  
ro c k .
. H ig h ly  compacted q u a r t z a re n it e , Waarre Fa  ( l a t e  C re ta c e o u s ) , 
sh e w in g  q u a r t z  g r a in s  (Q) w h ich  a re  w e l l  in t e r lo c k e d .  The «crack 
l i n e  deve loped  d u r in g  sample p re p a ra t io n ;  D e sm a n s  N o -1 , '2 1 2 9  s ,  




large, open pore throats* The grain contacts of quartz, feldspar 
and rock fragments range from tangential contacts to long 
contacts (Fig. 57C).
Allogenic (detrital) kaolinite matrix exhibits partially 
lines the pores (Fig. 57D). Kaolinite occurs as face to face 
stacks and elongated vermiform (Fig. 57E)• The existence of 
micropores within the matrix appears to be a result of the 
platelet arrangement of kaolinite. The micropore openings tend 
to be either straight or elliptical in outline with a maximum 
length of 15 microns. The primary intergranular pores provide 
good porosity (15-20%) and very good permeability (100-1000 md)•
c. Curdles Formation
Samples from the Curdles Formation were selected from both 
Port Campbell No.4 well (1072.6 m) and Port Campbell No.l well 
(1219.5 m). The Port Campbell No.4 sample is a fine-grained
quartzarenite (thin section analysis, Fig. 46A) and the dominant 
quartz grains are evident in the photomicrograph (Fig. 57F).
The quartzarenite is highly compacted and the quartz grains 
and well interlocked (top right corner of Fig. 57F).
In general, most of the pores are filled by well-developed 
authigenic calcite cement (Fig. 57G). Some small dolomite 
rhombohedra are present (top left corner of Fig. 57G)•
One of the most important characteristics of this sample is 
the presence of calcite cement as a filling in the original
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Explanations of the Figure 59
A. As for Figure 58 o, but different field, showing a dense 
chlorite cement filling the pores; magnification X11H0.
B. Fine-grained volcarenite, Eumeralla Fm (Early Cretaceous); 
pore spaces have been completely filled by chlorite and 
kaolinite cement; a feldspar grain is visible at the centre 
of the photograph; Port Campbell No.2 , 269X.U m, core sample; 
porosity 5%-10%; magnification X60.
C. As for Figure 59b , but different field, showing aui irregular 
pattern of chlorite cement; authigenic kaolinite is visible 
at the bottom left corner and top right comer of the photo­
graph; magnification X2U00.
D. As for Figure 59b , but different field, showing authigenic 
chlorite filling pore spaces and possibly a quartz grain 
(bottom); magnification X6600.
E. Medium-grained volcarenite, Eumeralla Fm (Early Cretaceous), 
showing well interlocked grains between feldspar and quartz; 
Flaxmans No.l, 3088.2 m, core sample; porosity 5%-10%; 
magnification X53;(the photograph is upside down).
F. An enlargement of the area indicated by the black square in 
Figure 59E; the fractures developed during sample preparation; 
magnification X210.
G. An enlargement of the area indicated by the black square in 
Figure 59F, showing a feldspar grain (F) and quartz grain (Q); 
the quartz grain is rimmed with very thin authigenic quartz 
overgrowths (0); magnification X1200.
F I G U R E  59
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pores. Whilst the calcite cement has reduced the primary 
intergranular pore texture, micropores within the calcite cement 
are pronounced. They consist essentially of small open 
microthroats which have a maximum diameter of 10 microns 
(Fig. 57G). Kieke and Hartmann (1973) noted that in many 
reservoirs, micropores between calcite crystal faces were formed 
by mobile water under-saturated with respect to CaC03. It is 
possible that this mesogenetic dissolution of calcite cement, 
producing micropores, has created the very minor secondary 
porosity (5-10%) and has slightly enhanced the permeability 
(10-100 md).
The sample from the Port Campbell No.l well is an 
argillaceous sublitharenite with relatively uniform sized coarse 
sand grains (average 0.8 mm). The clay matrix consists 
predominantly of authigenic kaolinite, sericite and siderite 
which partially fills the pore space (Fig. 57H). Pores are 
visible in this sample (see right centre, Fig. H). The diameter 
of the pores ranges from 25 microns up to 50 microns. In 
some places, kaolinite clay cement has started to bridge across 
the pores. Close-ups of the morphology of kaolinite in Figures 
571 and 57J reveal face to face stacks of pseudohexagonal plates, 
grouped as "books” (Timur et al., 1971; Whitaker, 1978; and 
Welton, 1984). The euhedral development of kaolinite indicates 
that it grew authigenically within the sandstone pores during 
diagenesis, and caused reduction in porosity and permeability 
(Whitaker, 1978).
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Pores within this sandstone are probably of secondary origin 
and were created by dissolution of the kaolinite cement during 
mesodiagenesis•
Generally speaking, the SEM examinations prove that the 
estimated porosity of this sample is fair (10-15%) and that the 
permeability is good (10-100 md)•
d. Paaratte Formation
In the Flaxman's No.l sample (sublitharenite) there is also 
a complete pore filling by clays, consisting of authigenic 
kaolinite, that has reduced porosity and permeability (Fig. 
57M) • However there is some secondary porosity due to 
dissolution of authigenic kaolinite and chlorite, and micropores 
of 5 microns to 10 microns occur. Some quartz grains are rounded 
in shape (Fig. 57L). In addition there is some secondary 
porosity due to microfracturing in feldspar grains (Fig. 57N). 
Estimated porosity is 10% to 15% (fair) and permeability lmd to 
10 md (poor)•
e. Flaxmans Formation
The Flaxmans Formation sample was collected from 2468.3 m, 
Port Campbell No. 2 well. The rock is an argillaceous 
sublitharenite. Grain size varies from 0.01 mm to 1.7 mm. Pore 
spaces have been completely filled by clay matrix comprising
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chlorite (Fig. 570) and possibly illite (suggested by flakey 
morphology, Fig. 57P). Micropores within clusters of illite 
crystals are still recognizable. They were presumably formed 
during mesodiagenesis • The size of the micropores are 5 microns 
in length and 2 microns in width. The estimated porosity is 5% 
to 10% (poor) and has permeability value 1 md to 10 md (poor).
f• Waarre Formation
Five samples from potential reservoir rocks in the Waarre 
Formation were examined. They are from Port Campbell No.4 
(1520 m and 1571.5 m), Port Campbell No.l (1725.7 m), Port 
Campbell No.2 (2535 m) and Flaxmans No.l (2129 m) wells. 
Photomicrograph details ranging in magnification from x21 to 
x2100 are illustrated in Figures 58A-P and 59A.
The Port Campbell No.4 sample, a poorly sorted fine- to 
medium-grained sublitharenite, has pore spaces partly filled by 
authigenic kaolinite, sericite, spar calcite, siderite and 
silica. The pores are interconnected (Fig. 58C) and are often 
lined by muscovite or mica (Fig. 58B). Maximum diameter of pores 
is 100 microns. Microfracture pores of 10 microns width within 
the matrix are still recognizable. These pores were probably 
formed during effective burial (mesodiagenesis) creating 
secondary porosity as the result of dissolution of clay, calcite 
and silica cement. Estimated porosity of the rock is good 
(15-20%) and it has a good permeability (10-100 md).
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At 1571.5 m depth (Port Campbell No.4) the sublitharenite 
sand grains are relatively uniform in size (0.25 mm), and the 
quartz grains are partly interlocked with some overgrowth cement 
(Fig. 58C). Maximum diameter of pores is 200 microns and pore 
spaces are clearly recognizable (Fig. 58D). In general these 
pores appear to be inter-connected. Compared to the sample 
higher in the formation collected from 1520 m, pores in this 
sandstone are more pronounced. The cement consists of authigenic 
kaolinite and calclte (Fig. 58D). The kaolinite occurs as face 
to face stacks, edge to face stacks and elongate verms as defined 
by Timur et al. (1971), Keller (1978) and Welton (1984). Calclte 
crystals do not seem to be well developed; it is probable they 
have been partially dissolved and the resulting micropores formed 
then filled by the authigenic minerals. The micropores are 
inter-connected and have a maximum diameter of 20 microns. 
Dissolution of cement and matrix during mesodlagenesis has 
contributed significantly to pore creation and good secondary 
porosity. The estimated porosity is 15% to 20% and permeability 
is about 10 md to 100 md. The type of pores is intra—cement pore 
texture and intergranular pore texture. The quartzarenite of the 
Waarre Formation collected from Port Campbell No.l (1725.7 m) has 
a pore system (Fig. 58E, F and G) similar to that in Port 
Campbell No.4 (1571.5 m; Fig. 58C). The pores are also of 
probable secondary origin and were created by dissolution of clay 
cement (kaolinite and illite) resulting in intergranular and
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intra-cement pore textures. Overgrowth cements are visible as 
shown in Figure 58E. At higher magnifications authigenic 
lath-shaped illite cement was clearly identified (Figs. 58F, G). 
Micropores within the illite cement were well developed, 
increasing the porosity of the rock. Guven et al. (1980) have 
demonstrated that the presence of hairy illite in sandstone pores 
considerably increases microporosity and tortuosity, but 
decreases the permeability. The fragile nature of the illite may 
result in a migration of fine particles and possible pore throat 
closure during hydrocarbon production. The range of diameters 
of pores within this rock is 25 microns to 100 microns. It is 
estimated that porosity in this rock ranges from 10% to 15% 
(fair) and it has a good permeability of 10 md to 100 md.
The sample from Flaxmans No.l (2129 m) is more compact and 
well cemented (Fig. 58H). Pores are completely filled by cement 
comprising authigenic kaolinite, silica and overgrowth cement 
(Fig. 58H also shows a crack line developed during sample 
preparation)• Some detrital feldspars are almost completely 
resorbed creating secondary porosity (Fig. 581a)• Voids within 
feldspar grains could result from solution or from later leaching 
of the replacing carbonate (Heald and Larese, 1973). Whilst face 
to face stacks of authigenic kaolinite cement have completely 
filled most of the pore space (Fig. 58J), micropores of 5 micron 
maximum size are visible between the kaolinite stacks•
In thin section, pore textures of this rock are more clearly
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defined. They are intergranular and intragranular pore 
textures. These have undoubtedly contributed to the good 
porosity (15-20%) and good permeability (10-100 md) of the Waarre 
Formation.
The deepest sample of the Waarre Formation, from Port 
Campbell No.2 well (2535 m), is characterized by some of the 
quartz grains having overgrowths (Fig. 58K). Contacts between 
grains are tangential, straight or sutured. The sequence of 
formation of quartz overgrowths has been mentioned by Waugh 
(1970). According to Kennedy (1950), the solubility of quartz 
crystals varies with crystallographic direction. Moreover, 
the nature of the grain contact is also dependent on different 
radii of curvature at the point of contact, which results in 
penetration of the grain with the smaller radius into the grain 
with the larger radius (Trurnit, 1968). Pittman (1972) has 
demonstrated that many quartz overgrowths start as numerous 
incipient crystals on detrital quartz grains. Then they develop 
into overgrowths with well defined crystal faces providing 
physico-chemical conditions, space and time permit.
Clay cement consisting predominantly of authigenic kaolinite 
completely fills a pore space (Fig. 58L). The kaolinite occurs 
as face to face stacks of pseudo-hexagonal plates or books 
(Fig. 58M). Sarkisyan (1972) considered reservoir rocks as 
favourable if kaolinite is the dominant clay mineral in their 
cement, because kaolinite swell less than other types of clays.
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Pore-filling framboidal pyrite may have partially and locally 
reduced porosity of the rock (Fig. 58N). The SEM pictures 
indicate that the secondary porosity of this rock is a result of 
both the intergranular pore texture and, in part, the 
intra-cement pore textures. The reduced intergranular pore 
texture develops by grain deformation, chemical compaction 
through dissolution at grain contacts, syntaxial cementation and 
fringing cementation (Schmidt and McDonald, 1979b).
These pores provide fair porosity (10-15%) and good 
permeability ranging from 10 md to 100 md.
g. Eumeralla Formation
The three samples from different boreholes are all 
volcarenites. In the Port Campbell No.4 well (2407 m) 
volcarenite fragments are tightly packed and all pore spaces have 
been completely filled by authigenic cement, comprising chlorite, 
illite and kaolinite (Fig. 58 0). However, micropores within the 
cement are still visible, indicated by black dots of 2 micron to 
5 micron in diameter. Microfractures also contribute to 
secondary porosity; a microfracture of two microns width and 100 
microns length occurs between the detrital feldspar and rock 
fragment grains (Fig. 58P). A dense chlorite cement filling pore 
spaces of the rock is recognizable at xll40 magnification 
(Fig. 59A). At this magnification, there is little indication 
that the chlorite cement has micropores. The SEM indicates that
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porosity of this rock is poor (5-10%) and permeability is fair 
(1*0-10 md). The rock has a partly reduced intergranular pore 
texture and microfractured occurred during mesodiagenesis of the 
rock.
The Port Campbell No.4 (2691.4 m) sample is also a 
fine-grained volcarenite that is compacted with close packing 
(Fig. 59B). Most of the pore-spaces have been filled by cement 
consisting predominantly of chlorite and minor kaolinite. The 
cement of chlorite and kaolinite is illustrated in Figure 59C, 
in which there is little indication that micropores are present. 
Most of the chlorite cement shows an irregular pattern (Fig. 59C, 
D) which may be due to compaction during diagenesis. Porosity of 
this rock is about 5% to 10% (poor) and 1 md to 10 md of 
permeability.
The sample from Flaxmans No.l well (3088.2 m) examined by 
SEM has pore spaces that have been filled by cement comprising 
chlorite and minor kaolinite (Fig. 59E). Detrital grains 
comprise quartz and felspar (Figs. 59F and 59G; fractures in 
Fig. 59E probably formed during preparation). At bottom right 
corner in Figure 59G, a detrital quartz grain is rimmed with very 
thin authigenic quartz overgrowths which almost bridge the pore 
space between the feldspar and the quartz grains.
Secondary reduced intergranular pore textures shown in 
Figures 59E and 59F provide poor porosity (5-10%) and probably 
the rock has a fair permeability (1.0-10 md)•
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5,3.3 Cathodoluminescence
Four samples were examined by cathodoluminescence. They are 
from the Paaratte Formation (TS.4127), the Waarre Formation 
(TS.4124 and 4125) and the Eumeralla Formation (TS.4126). The 
sample from the Paaratte Formation (TS.4177) is a medium-grained 
sublitharenite. Cathodoluminescence reveals that some calcite is 
present as a cement filling pore spaces, some of which occur 
scattered in the clay cements, and as a replacement along the 
margins of some feldspar grains. The very subdued orange-brown 
luminescence in the calcite cement is probably due to the 
presence of iron in the calcite. Hall (1981) investigated the 
Undandita Member of the Amadeus Basin and showed that calcite 
relatively enriched in Fe exhibits a subdued orange-brown 
luminescence colour.
The homogenous colouration of calcite cements in the 
Paaratte Formation indicates they are a single generation of 
cement. Apart from calcite cements, luminescence colours were 
also displayed on the quartz grains (light blue to bluish-brown) 
and the feldspar grains (pale blue-grey).
A medium-grained sublitharenite and a coarse-grained 
quartzarenite (TS.4124 and TS.4125) from the Waarre Formation 
were also examined. Cathodoluminescence indicates the presence 
of calcite cement in the sublitharenite and the absence of 
calcite in the quartzarenite.
Like the sublitharenite of the Paaratte Formation, the
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sublitharenite of the Waarre Formation exhibits a homogeneous 
colouration luminescence of a subdued orange-brown. Some calcite 
cement is associated with corroded quartz and feldspar grains, 
which have a light blue luminescence and a dull blue luminescence 
respectively. Quartz overgrowths are clearly identifiable in the 
quartzarenite as the overgrowths exhibit light blue luminescence 
whereas the original grains are dull blue-grey.
The Eumeralla Formation sample (TS.4126) shows significantly 
abundant calcite cement under cathodoluminescence. The calcite 
cement exhibits a bright orange luminescence (Fig. 47E-H) which 
indicates the presence of divalent manganese (Sippel and Glover, 
1965; Sippel, 1968; Long and Agrell, 1965). The absence of 
colour variation indicates one generation of calcite 
cementation. Some calcite cement has replaced the margins of 
detrital feldspar grains and partially filled cracks. Similar to 
other feldspars, they are pale blue-grey in colour, while quartz 
grains are light blue.
5.4 DIAGENETIC HISTORY
Diagenesis of sedimentary rocks has important influences on 
migration and reservoir characteristics and consequently its 
study has considerable application in the petroleum industry 
(e.g. Larsen and Chilingar, 1967; 1979; 1983; Fairbridge, 1967; 
1983; Choquette and Pray, 1970; Dapples, 1979a, b; Scholle and 
Schluger, 1979; Hayes, 1979; Blatt, 1979; Pittman, 1979; 
Galloway, 1979; and Schmidt and McDonald, 1979a, b, c).
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The progression of changes from sedimentation to the realm 
of metamorphism, and the secondary effects of atmospheric 
weathering have been comprehensively outlined by Larsen and 
Chilingar (1979). Fairbridge (1967; 1983) has divided the realm 
of diagenesis into syndiagenesis (penecontemporaneous), 
anadiagenesis (during burial and orogeny) and epidiagenesis 
(post-diastrophic). A similar terminology based on 
characteristics of porosity has also been erected by Choquette 
and Pray (1970), Schmidt and McDonald (1979a, b) : eodiagenesis 
(early) mesodiagenesis (middle) and telodiagenesis (late) 
stages. This latter terminology is used in this study.
Foscolos et al. (1976) have noted the general relationships 
between inorganic and organic diagenesis. During eodiagenesis 
pore water is lost from shales, little hydrocarbon generation 
occurs, and coals are lignitic or sub-bituminous. Mesodiagenesis 
corresponds to the main phase of oil generation, and coals become 
high-volatile to low volatile bituminous in rank. During 
telodiagenesis extensive cracking of the organic matter occurs 
and dry gas is the main hydrocarbon product. Coals 
are of semi-anthracite to anthracite rank. Powell et al. (1978) 
amended the previous classification of Foscolos et al. (1976) 
moving the second clay-dehydration step from the late 
mesodiagenesis to the telodiagenesis stage.
Porosity studies (thin section, scanning electron 
microscope, cathodoluminescence) indicate that eo- and
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mesodiagenetic processes were operative in the Port Campbell area 
(Figs. 52 and 60). Eodiagenesis is characterized by decreasing 
primary porosity to a depth of 1200 m in the Tertiary and upper 
Late Cretaceous lithologies (Port Campbell Limestone, Clifton, 
Mepunga, Dylwin, Pebble Point and Curdies Formations). 
Mesodiagenesis, characterized by creation and subsequent decrease 
in secondary porosity, occurs from above 1200 to 3000 m depth in 
the Sherbrook Group of Late Cretaceous age and Otway Group of 
Early Cretaceous age (Fig. 60).
The earliest stages of eodiagenesis were characterized by 
authigenetic precipitation of limonite and chamosite ooids, 
pyrite, hematite and carbonate sediment and pore filling by 
allogenic clay. During this stage major controlling factors 
include the chemistry of interstitial water and the effect of 
organisms. The allogenic clay minerals were probably deposited
tby infiltration from suspension, as foccules or as a result of
A
bioturbation (Wilson and Pittman, 1977) which also increases 
packing. Pyrite is probably associated with the transition from 
aerobic to anaerobic decay of organic matter. There are several 
possible origins for carbonate cements in quartzarçnites: from 
dissolution of shell material, erosion of carbonate rocks, and 
direct precipitation in the environment of deposition (Schmidt 
and McDonald, 1979b; Blatt, 1979). Conditions promoting 
dissolution depend on the chemistry of downward moving meteoric
9









RANK PROGRESSION -------  .
F I G U R E  60. S E Q U E N T I A L  D E V E L O P M E N T  OF D I A G E N E T I C  E V E N T S  IN T HE 
P O R T  C A M P B E L L  A R E A «  T H E  V E R T I C A L  B A R  D E N O T E S  
E S T I M A T E D  R E L A T I V E  D E P T H  R A N G E  OF M A J O R  D I A G E N E T I C  
E V E N T S .  R I G H T  H A N D  C U R V E  S H O W S  S U C C E S S I V E  P O R O S I T Y  
D E C R E A S E  F O R  L I M E S T O N E S  A N D  S A N D S T O N E S  IN S U C C E S S ­
I V E  D I A G E N E T I C  E V E N T S .  T H E  B O T T O M  B A R  S H O W S  R A N K  
P R O G R E S S I O N  ( V I T R I N I T E  R E F L E C T A N C E ,  % R o m a x . )  W H I C H  
C O R R E S P O N D S  TO T E X T U R A L  S T A G E  OF D I A G E N E S I S .
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esters of organic matter may also increase the solubility of 
shell material.
The final stages of eodiagenesis are characterized by pore 
fillings of authigenic kaolinite and illite and the formation of 
quartz overgrowths in response to overburden pressure. This 
event caused reduction in the original porosity from 25 percent 
to 15 percent (Figs. 52 and 60). Quartz grains are presumed to 
be partially dissolved at points of grain contact due to the 
overburden pressure which increases quartz solubility at those 
points. The dissolved silica was reprecipitated as thin 
overgrowths on the surfaces of detrital quartz grains.
Mesodiagenesis in the Late and Early Cretaceous sequences 
(Sherbrook and Otway Groups) is characterized by the occurrence 
of authigenic kaolinite, chlorite, zeolite, quartz overgrowths, 
dissolution of feldspar and carbonate, and fracturing (Fig. 60).
The nature and development of diagenesis in volcarenite and 
quartzarenite lithologies is quite distinct in the early—middle 
stages of alteration. A comparison of samples from the Waarre 
and Eumeralla Formations is presented in Figure 61; they can be 
considered respectively as representatives of quartzarenite and 
volcarenite in the Port Campbell area although they do not 
contain the limonite or limonitic ooids found in some units 
(Flaxmans and Paaratte Formations).
In the early burial stages, in both volcarenites and 




































1. Initial stage 2. Early burial stage (early compaction)
E O D I  A G E N E S I S
3. Advanced Pressure & 






M E S O D I A G E N E S I S
"S r.







Clay (allogenic and 
authigenic kaolinite, 
illito , seric ite , m ica,silt)
| V  V  V ' l
y v j  Chlorite cement
CD□
EODI AGENES I S












M E S O D I A G E N E S I S
FIGURE 61. THE INTERPRETATION OF THE NATURE AND DEVELOPMENT OF 
DIAGENETIC FEATURES ON THE EUMERALLA AND WAARRE 
FORMATIONS . SHOWING THE INITIAL UP TO LATE STAGES OF 
PORE SYSTEMS
246
compaction that moves an increasing number of grains into 
tangential contact. Whilst pore volumes are reduced they are 
still clearly recognizable (Figure 61).
Late eodiagenesis-early mesodiagenesis is characterized by 
the formation of authigenic minerals. Authigenic minerals in the 
quartzarenite of the Waarre Formation consist of kaolinite and 
illite whereas in the Eumeralla volcarenite they comprise 
kaolinite, chlorite and zeolite. The micaceous habit and various 
sizes of illite crystals in the Waarre Formation suggests that 
they were derived from detrital micas (Sarkisyan, 1972; 
Wilson and Pittman, 1977). Authigenic kaolinite in both the 
Waarre and Eumeralla Formations probably resulted from the 
alteration of feldspar or rock fragments, and in particular 
volcanic rock fragments. Alternatively, it is possible that the 
kaolinite formed during dissolution of quartz and feldspar under 
pressure (Sarkisyan, 1972).
Chlorite and zeolite in the Eumeralla Formation comprise 
small crystals in voids between detrital grains and the 
relatively large crystals of kaolinite cement; this suggests 
both the chlorite and the zeolite probably developed later than 
the kaolinite. The chlorite cement generally forms thin coatings 
on quartz, feldspar and rock fragments. Usually orientation of 
fibrous chlorite and zeolite is normal to the surface of the 
grains. Chlorites are frequently associated with volcanic 
fragments which suggest that they derived from an alteration of
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mafic minerals contained in the volcanic fragments. Locally 
zeolites are the result of alteration or partial alteration of 
plagioclase (Surdam and Boles, 1979).
Pressure and chemical compaction increase with increasing 
burial depth during early mesodiagenetic phase. With increasing 
depth of burial there is considerable decrease in volume and an 
increasing number of grain-grain contacts (straight, sutured and 
concave-convex); similar changes have also been noted by Taylor 
(1950).
Some authigenic clays are replaced by carbonate cement 
(calcite, siderite or dolomite). Calcite is more prominent in 
the volcarenite and litharenite of the Eumeralla Formation. It 
is clearly recognizable in the cathodoluminescence studies 
(Figs. 47E-H). In comparison, carbonate does not appear to be 
well developed in the quartzarenite of the Waarre Formation. The 
reasons for this are several. Firstly, quartz overgrowths 
develop before carbonate cement; this reduces the space 
available to the latter. Secondly, there is a relatively good 
supply of calcium in the volcarenite and litharenite (feldspars, 
volcanic rock fragments); dissolution of these unstable grains at 
later stages of diagenesis also provides space for the calcite 
cement. These carbonate cements are presumably the result of 
mesodiagenetic carbonization of organic matter which may occur at 
any stage of mesodiagenetic sandstone diagenesis (Schmidt and 
McDonald, 1979b). It is possible that siderite and dolomite
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formed later than calclte. The formation of siderite and 
dolomite requires the presence of Fe2+ and Mg^+ cations. The 
source of these cations was probably the mafic minerals in the 
volcanic rock fragments.
Quartz overgrowths developed during late mesodiagenesis 
because of increasing quartz solubility of the points of grain 
contact (straight, sutured, concave-convex). In addition some 
silica was precipitated as chalcedonic or chert cement. Quartz 
overgrowths are recognizable when there is a thin dust line 
demarcating the original grain boundary (Fig. 46F).
Quartz overgrowths are slightly more prominent in the 
quartzarenite of the Waarre Formation than the volcarenite of the 
Eumeralla Formation. The reasons for this are that quartz 
grains and hence supply of silica are more abundant in the Waarre 
Formation compared with the Eumeralla Formation. Furthermore, 
continuous clay (particularly chlorite) coatings on some grains 
in the Eumeralla Formation appear to have prevented the formation 
of secondary quartz overgrowths (see also Pittman and Lumsden, 
1968; Cecil and Heald, 1971).
Secondary porosity formed as the result of mesodiagenetic 
removal of carbonate cement and dissolution of authigenic clays. 
These events were followed by partial dissolution of detrital 
feldspar, and they created secondary porosity (Fig. 61) 
particularly in the Eumeralla Formation. During the later stages 
of mesodiagenesis microfractures formed in the Eumeralla 
Formation and few are present in the Waarre Formation.
249
Broadly speaking, the dlagenetic history outlined above 
demonstrates a transformation of original grains, matrix and 
cements that promoted early loss of primary porosity and 
subsequent generation of secondary porosity. Galloway (1974) 
studied Tertiary sandstones in the northeast Pacific arc and 
concluded that the three main factors controlling dlagenetic 
reactions are depth of burial, temperature and overburden 
pressure. He concluded that temperature is the most important 
factor. Maxwell (1964) indicated that the geothermal gradient 
and residence time at depth are factors of first-order importance 
in the pressure solution process and composition of pore fluids. 
These studies and others (e.g. Stephenson, 1977) indicate that 
basinal and tectonic history contribute significantly to the 
course of diagenesis.
In general vitrinite reflectivity corresponds to textural 
stages of mesodiagenesis since both the organic and inorganic 
diagenesis is mainly controlled by temperature and residence time 
(Schmidt and McDonald, 1979b). However, the reaction of coals to 
temperature rise is much more sensitive and rapid than those of 
inorganic minerals and the incremental course of changes is more 
easily detected.
In the Port Campbell there is a decrease in porosity 
associated with increasing reflectance in the range 0.20 to 0.45 
Ryinax. With increasing rank (vitrinite reflectance) the range 


















O — 1“0.20 ------» I-------0 .4 0  0 .6 0





FIGURE 61. RELATIONSHIP BETWEEN POROSITY OF SANDSTONES AND VITRINITE REFLECTANCE 
OF DISPERSED ORGANIC MATTER (DOM) IN THE PORT CAMPBELL AREA
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Of particular importance is the observation that porosity did not 
change and was relatively constant throughout the rank range that 
corresponds to the oil and gas window (0.50-1.35% Rvmax). This 
aspect is covered in more detail in Section 4.
5.6 MATHEMATICAL ANALYSES AND PROVENANCE
Q-mode and R-mode cluster analyses were employed to 
delineate possible relationships for variables of the 
petrographic data. Computations were performed using the cluster 
program devised by Dr B.G. Jones (pers. comm, 1985). The main 
data files and the results of compaction are presented in 
Appendix 2 and include:
1. Data matrix for total data
2. Petrological summaries for total data
3. Petrological summaries for the Otway Group
4. Petrological summaries for the Sherbrook Group
5. Petrological summaries for the Wangerrip Group
6. Petrological summaries for the Heytesbury Group
7. Petrological summaries for each formation
8. Pearson Product-Moment matrix for total data
9. Significant values in the Pearson Product-Moment matrix at 
the 95% and 99% confidence levels.
Cluster analysis is a method of multivariate classification 
that attempts to reveal the structure within a data array by 
linking together those variables (R-mode) and objects (Q-mode)
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which are most highly correlated (Harbaugh and Merriam, 1968; 
Davis, 1973; Buttler, 1978). Davis (1973) recommended that the 
matrices of Pearson Product-Moment correlation coefficients be 
used as the measure of similarity in R-mode cluster analysis. 
The relationship between those variables or objects are then 
completely represented by a dendritic network on dendrogram.
5.6.1 R-Mode Cluster Analysis
In R-mode cluster analysis the data were examined by a 
Pearson Product-Moment correlation coefficient using 50 
variables. The results are presented in dendrograms of Figure 63 
(total samples), Figure 64 (Otway Group), Figure 65 (Sherbrook 
Group), Figure 66 (Wangerrip Group) and Figure 67 (Heytesbury 
Group).
The dendrogram of the R-mode cluster analysis for the total 
samples can be divided into four main groups each having a low 
similarity coefficient of between -0.45 and 0.04. The four major 
groups are subdivided into nine clusters each having a similarity 
coefficient of between 0.14 and 0.32.
The clusters 1, 5 and 8 are characterized by a strong 
linkage among variables whereas the variables in the other 
clusters (2, 3, 4, 6, 7 and 9) show less significant linkage, and 
the between-cluster correlation is poor (Fig. 63). For example, 
grain shape, chlorite, mudstone and sparry calcite cement are not 
related to each other however they are strongly linked, probably
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because they have similar numerals as a result of the method of 
digitising the raw data.
In cluster 1, quartz grains, average and maximum grain-sizes 
are strongly linked. This probably means that the grain sizes 
recorded are predominantly for quartz since this mineral is the 
dominant one in the samples studied. Cluster 5 is characterized 
by a strong relationship between the accessory minerals 
muscovite, pyrite and hematite (with the exception of 
microsparite). The variables of cluster 9 (depth, compaction, 
plagioclase, volcanic rock fragment, packing, dolomite and 
potassium feldspar) have a positive similarity coefficient of 
between 0.1 and 1.0. With the exception of dolomite, they 
generally have a close association. For example, plagioclase, 
volcanic fragments and potassium feldspar are the predominant 
minerals in the volcarenite, litharenite and feldspathic 
litharenite of the Eumeralla Formation. Thus, they are derived 
from the same volcanic and plutonic terrains (Section 5.1). 
These rocks have moderate to high compaction, close packing and 
poor to fair porosity.
R-mode dendrograms of the Otway, Sherbrook, Wangerrip and 
Heytesbury Groups are given in Figures 64, 65, 66 and 67. In the 
Otway Group, the five main cluster groups A, B, C, D and E have 
low similarity coefficients ranging from 0.01 to 0.06 (Fig. 64). 
Similarly, the Sherbrook, Wangerrip and Heytesbury Groups also 
have low similarity coefficients (ranging from 0.03 to 0.14) in
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terms of their cluster groups. Nevertheless, some variables 
still show strong relationship. The dendrogram of the Otway 
Group of Figure 64, the volcanic fragments and plagioclase 
minerals cluster together because they occur as main components 
in the Otway Group. One further example is the clustering of 
quartz overgrowths and silica cement in the Sherbrook dendrogram 
(Fig. 65). This probably indicates that during diagenetic events 
both quartz overgrowths and silica were deposited together in the 
quartzarenite of the Sherbrook Group.
5.6.2 Q-mode cluster analysis
A total of 148 samples was examined using a Cosine-theta 
coefficient in order to obtain Q-mode cluster analysis. This 
analysis is especially useful for comparisons between sedimentary 
facies and mineral assemblages (Harbrough and Merriam, 1968)• 
Like R-mode cluster analysis, Q-mode cluster analysis also 
presents a dendrogram in which the different objects or samples 
are clustered. Consequently, the relationships are shown with 
greatest simplicity.
The result of this analysis is presented as four division 
dendrograms in Figure 68. The four major divisions are labelled 
groups A, B, C and D and they have similarity coefficients of 
between -0.03 and 0.2. These four groups are subdivided into 26 
clusters (numbered from 1 to 26). All the clusters are 
characterized by strong relationships as indicated by the
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similarity coefficient which range from 0.2 to 0.92. Thus 
objects or samples which have similar mineralogical composition, 
grain size, texture, structure and provenance, tend to become 
clustered together.
The group A dendrogram is subdivided into 11 clusters which 
includes predominantly, the Late Cretaceous and Tertiary 
sequence. Clusters 1 and 2 are characterized by the carbonate 
facies (limestone and marl) of the Tertiary sequences. Cluster 4 
is characterized by fine-grained rocks, especially carbonaceous 
mudstone and siltstone of the Belfast Mudstone, Paaratte, Curdles 
and Dylwin Formations. Clusters 3, 5, 6, 7, 9, 10 and 11 are 
composed of sublitharenites containing limonitic ooids and 
mudstone. The latter seven groups are also characterized by 
fine- to medium-grained framework grains. The above clusters are 
quite distinct from cluster 8 which is characterized by very 
fine- to fine-grained sublitharenite and quartzarenite.
Group B has seven reasonably well-defined clusters numbered 
12 to 18. Cluster 12 and 13 comprise fine-grained sublitharenite 
and litharenite and clusters 15, 16, 17 and 18 are characterized 
by mudstone facies. The mudstone groups can be split into two 
main types. One contains glauconitic mudstones of the Belfast 
Mudstone and part of the Paaratte Formation, whereas the second 
contains the carbonaceous mudstones of the Eumeralla, Waarre and 
Paaratte Formations. The former were deposited in a shallow 
marine to proximal shoreline environment, and the latter were 
deposited in a fluviatile environment.
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Group C comprises two main lithologies with a close 
relationship* Cluster 19 and 20 are characterized by medium- to 
coarse-grained quartzarenite and sublitharenite lithologies. 
Clusters 21 and 22 contain lithologies that are characterized by 
more abundant sublitharenite. Group C lithologies also contain 
subangular to rounded quartz grains which have predominantly 
undulose extinction. Both the quartzarenite and sublitharenite 
probably have a similar source; possible source areas include the 
Palaeozoic granites to the southeast and east of the Port 
Campbell area and the sediments of the northern Palaeozoic 
hinterland•
Group D is characterized by volcanic fragment-bearing and 
feldspar^rich sedimentary rocks of the Eumeralla Formation. Four 
main clusters can be distinguished on the basis of grain size, 
texture and mineralogy. Clusters 24 and 26 show strong linkage 
between samples comprising fine- to coarse-grained volcarenite. 
Cluster 25 is rather different from those clusters 24 and 26, and 
contains litharenite samples. The volcarenite and litharenite 
are characteristically fine- to medium-grain sizes.
Group D is distinct from groups A, B and C in terms of 
mineralogical composition, diagenetic feature, depositional 
environment and provenance. In the group D, volcanic rock 
fragment and feldspar are more abundant and grains of these 
compositions are usually angular to subangular in shape. Most
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rock types in group D were deposited in a fluviatile environment 
and were probably derived from first cycle metamorphic, volcanic 




6.1 STRATIGRAPHY AND SEDIMENTOLOGY
The stratigraphic interval in the five boreholes from the 
Port Campbell area comprised sequences ranging in age from the 
Miocene Port Campbell Limestone down to the Early Cretaceous 
Eumeralla Formation.
The upper part of the Otway Group is known as the Eumeralla 
Formation in the Port Campbell area. It has a thickness of over 
2000 m, comprising a repetition of sandstone facies and mudstone 
facies. Petrographic data show that the sandstone facies 
consists of volcarenite, litharenite and feldspathic
litharenite. Some interbedded sequences of sandstone, siltstone 
and mudstone contain intercalations of coal up to 5 to 10 cm in 
thickness.
The mudstone facies comprises carbonaceous and chloritic 
mudstone with intercalations of thin-bedded siltstone, 
litharenite and volcarenite. This facies is characterized by
abundant plant materials including fine stringers and fragments 
of coal. Some reworked coal is present. Reworking may have 
occurred at either the peat or the brown coal stage.
Sedimentary structures include cross—beds, massive beds,
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broad shallow channel-forms or scours, cross-stratifications, 
parallel and wavy laminations and ripple marks. Mudstone 
intraclasts are common in the sandstone facies.
The Eumeralla Formation was probably deposited in a 
fluviatile environment consisting predominantly of braided 
rivers.
A period of differential uplift and erosion took place in 
the Port Campbell area at the end of deposition of the Eumeralla 
Formation. It was followed by transgressive-regressive sediment­
ary cycles, which formed the Sherbrook Group, during the Late 
Cretaceous. Sedimentation commenced with the Waarre Formation 
which comprises three main lithofacies - sublitharenite, quartz- 
arenite and carbonaceous mudstone containing very thin coal 
seams. Parallel and wavy laminations, small cross-beds, massive 
beds and burrows are common. The structures and general 
lithologies probably indicate a tide—dominated delta environ­
ment •
The conformable overlying Flaxmans Formation is character­
ized by a sideritic-limonitic, oolitic sublitharenite facies with 
minor mudstone and siltstone beds. The formation was probably 
deposited under low energy conditions in a shallow marine 
environment with reducing conditions at the sediment-water 
interface.
The o v e r l y i n g  B e l f a s t  M u d s to n e  c o n s i s t s  o f  a m onotonous  
g l a u c o n i t i c  mudstone f a c i e s  w i t h  a maximum t h i c k n e s s  o f  600 m
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in the Port Campbell No.2 well. Burrows are prominent and 
foraminifera and shell fragments are common. These features 
indicate a shallow marine origin.
Further deposition produced chloritic sublitharenite with 
interbeds of carbonaceous pyritic silty mudstone and siltstone of 
the Paaratte Formation. The formation is characterized by the 
presence of parallel and convolute laminations, burrows, small 
cross-beds and ripple marks. This unit was probably deposited in 
a marginal marine environment associated with a regional 
regression.
The uppermost part of the Sherbrook Group is sublitharenite, 
quartzarenite, litharenite and mudstone of the Curdies 
Formation. Thin coal seams and stringers are present. Parallel 
laminations, burrows, massive-bedding and cross-bedding are 
common. The formation was probably deposited in a fluvial- 
dominated delta.
The Sherbrook Group is unconformably overlain by the 
Wangerrip Group (Pebble Point and Dylwyn Formations) of the 
Palaeocene-Eocene transgressive-regressive cycle. The Pebble 
Point Formation consists of sublitharenite facies with some 
pebbles and minor siltstones. Chamositic and limonitic ooids are 
characteristically present within the sublitharenite. The 
formation was deposited in shallow marine conditions near to 
a shore line and marks an early Tertiary transgression. The end 
of the Pebble Point Formation deposition was marked by a 
regressive
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event which resulted in the Dylwin Formation. This formation
/
comprises carbonaceous siltstone, quartzarenite, sublitharenite 
in the lower section and argillaceous sublitharenite and 
carbonaceous mudstone, with some thin brown coal seams, in the 
upper part of the section. The Dylwin Formation was deposited in 
a paralic to deltaic environment.
Marine conditions developed during the Eocene-Miocene, and 
resulted in the deposition of a predominantly carbonate facies 
consisting of marl, marly limestone, limestone and minor 
sublitharenite of the Nirrandra Subgroup and Heytesbury Group. 
Finally, volcanic activity took place from the Early Pliocene to 
Holocene, with the Pliocene phase the most extensive. The 
products of the volcanism are found to the west, east and north 
of the Port Campbell area.
6.2 SOURCE ROCK POTENTIAL
Dispersed organic matter in the various formations in the 
Port Campbell area ranges from rare to common. Coal-related 
organic matter is sparse and is restricted to the Eumeralla, 
Waarre, Paaratte and Curdies Formations of the Cretaceous 
sequences and the Dylwin Formation of the Tertiary sequences.
The highest proportions (common to abundant) of d.o.m. in 
the Cretaceous sequences occur in the Eumeralla and Waarre 
Formations, the Belfast Mudstone and the Tertiary Dylwin
Formation. The remaining units contain rare to sparse d.o.m.;
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the Flaxmans, Paaratte and Curdles Formations (Cretaceous 
sequences) and Pebble Point, Mepunga, Clifton Formations, 
Gellibrand Marl and Port Campbell Limestone (Tertiary sequences).
Inertinite is the most abundant type of dispersed organic 
matter throughout the Cretaceous-Tertiary sequences. Overall, 
the next abundant macérai is vitrinite and followed by 
liptinite is a minor component. Vitrinite is locally the most 
abundant type in the Waarre Formation, and liptinite is locally 
abundant in the Mepunga and Clifton Formations and the Gellibrand 
Marl. Also, liptinite is the second most abundant macérai group 
in most samples from the Belfast Mudstone.
Semlfusinite, inertodetrinite and macrinite are the main 
inertinite macérais. The most abundant liptinite macérais are 
sporinite, resinite and cutinite. Liptodetrinite, fluorinite, 
suberinite, dinoflagellates and acritarchs are minor components 
of the liptinite assemblage. In general, the liptinite 
fluorescence colour and intensity change from the younger to the 
older sequences. Fluorescence colours are dominantly 
greenish-yellow to bright orange in the Tertiary sequences, 
bright yellow to orange in the Late Cretaceous formations and 
yellow to dull orange in the Early Cretaceous sequence.
Coal is locally present as stringers and discontinuous thin 
layers ranging from 2 cm to 10 cm, in the Eumeralla, Waarre,
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Paaratte, Curdles and Dylwin Formations. It is composed 
predominantly of clarite, vitrinite and duroclarite 
microlithotypes, but durite and clarodurite are present. Thus, 
vitrinite is more prominent in coal as compared with the d.o.m.
The vitrinite reflectance measurements on samples collected 
from five wells indicate that the Port Campbell No.l and North 
Paaratte No.l wells failed to penetrate beyond the zone of 
initial maturity (0.5% to 0.7& I^max) • The Port Campbell No.2, 
No.4 wells reached the top of the zone of peak oil generation 
whereas Flaxmans No.l well reached the base of the zone of peak 
oil generation (0.7% to 0.9% RQmax)• The reflectance gradient at 
0.5 per cent reflectance level ranges from 0.11 per cent/km to 
0.2 per cent/km, and it increases to 0.3 per cent/km and 0.45 per 
cent/km at the 0.8 and 1.2 per cent vitrinite reflectance levels.
From the study of vitrinite reflectance in the Port Campbell 
area it is concluded that the Tertiary sequences are all 
immature. The depth of the initially mature zone is reached at 
depths ranging from 1300 m to 2000 m. This occurs within the 
Paaratte Formation or the Belfast Mudstone and the Waarre 
Formation. The optimal zone of maturation occurs in the 
Eumeralla Formation and at depths from 2000 m to 3000 m. Only 
the Flaxmans No.l well was drilled close to the dead line for oil 
generation and preservation.
Increases in rank are associated with increases in 
temperature and rank gradients; geothermal gradients are also
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related to each other. The present geothermal gradient varies 
from 23°C/km to 30°C/km, which is on average, much lower as 
compared with the averages for the Bass and Gippsland Basins. 
Relative palaeothermal history calculated using testing 
isothermal and gradthermal models and present temperatures 
indicate the formation temperatures in the past have been higher 
than the present temperatures. In the Otway Basin generally 
(Struckmeyer and Cook, 1985), and in the Port Campbell area 
specifically (this study), the high formation temperatures in the 
past are likely to have been caused by higher rates of heat flow 
during the Cretaceous, with some secondary effects associated 
with^pre-Tertiary cover stripping in some onshore areas. Thus, 
the rank data, together with information based on palaeothermal 
modelling suggest that an early and relatively rapid phase of 
coalification occurred during the Cretaceous time. However, 
significant post-Cretaceous coalification has also occurred.
From t h e s e  r e s u l t s  i t  i s  c o n c lu d e d  t h a t  th e  P o r t  Ca m p b ell  
a r e a  does n o t  c o n t a i n  any p r o l i f i c  s o u r c e  h o r i z o n s  f o r  
h y d r o c a r b o n s .  S i g n i f i c a n t  t h i c k n e s s e s  o f  th e  sequence d o ,  
n e v e r t h e l e s s ,  h a v e  s i g n i f i c a n t  s o u r c e  p o t e n t i a l .  The h y d ro ca r b o n  
s o u r c e  p o t e n t i a l  o f  th e  P o r t  C a m p b ell  a re a  i s  i n f l u e n c e d  m a in ly  
by th e  abundance o f  d i s p e r s e d  o r g a n i c  m a t t e r .  C o a ls  a r e  o f  
r e s t r i c t e d  o c c u r r e n c e  and a r e  p r e s e n t  a s  minor components o f  th e  
E u m e r a l l a ,  W aa rre , P a a r a t t e ,  C u r d ie s  and D ylw in F o r m a t io n s .  T h i s  
s u g g e s t s  t h a t  t h e y  a r e  u n l i k e l y  t o  have made any s i g n i f i c a n t  
c o n t r i b u t i o n  t o  h y d ro ca rb o n  g e n e r a t i o n  i n  th e  P o r t  Cam pbell a r e a .
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The Eumeralla Formation is considered to have been the most 
effective source of hydrocarbons since the formation contains 
beds having the highest proportion (abundant) of dispersed 
organic matter and lies within the principal zone of oil 
generation. The second most effective sources of hydrocarbons 
are likely to have been the Waarre Formation and the Belfast 
Mudstone which contain common dispersed organic matter, but are 
less mature than the Eumeralla Formation.
Inertinite is the dominant maceral group. If this maceral 
is accepted as a possible source then inertinite may be 
considered as significant sources for hydrocarbons, particularly 
gas. However, inertinite may have generated hydrocarbons at an 
earlier stage than vitrinite and liptinite. Therefore, 
generation of hydrocarbons by inertinite may, in part, have 
preceded the existence of effective trapping structures and 
sealing mechanisms. Liptinite and vitrinite are significant 
components in the Eumeralla, Waarre and the Belfast Mudstone. 
These macerals have a higher specific generation potential. 
Thus they probably provide the most significant generation 
potential within those units in the Port Campbell area. Again, 
leakage from reservoirs at rates exceeding those of generation 
and supply could have occurred during the relatively early phases 
of coalification and hydrocarbon generation.
The low overall level of organic matter abundance is likely 
to have resulted in relatively low levels of migration
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efficiency. The early phase of more rapid coalification should 
have improved migration efficiency. Early migration and 
reservoiring of hydrocarbons is also likely to favour the 
preservation of good reservoir characteristics. Equally, 
however, this scenario requires that traps and sealing mechanisms 
be effective over a relatively long period of time.
6.3 RESERVOIR ROCK POTENTIAL
Petrographic studies using thin section, SEM and 
cathodoluminiscence methods on coarse-grained rocks and some 
limestones reveal possible reservoir rock potential in the Port 
Campbell area.
Both primary and secondary porosity are present in the Port 
Campbell area. Porosity versus depth data indicate that the 
porosity of sandstone-bearing formations in the Port Campbell 
area decreases gradually with increasing depth, and the 
decreasing porosity corresponds with decreasing permeability. In 
general, the porosity gradient is about 10 per cent/km at 1200 m 
depth, and characteristically represents changes in the 
predominant primary porosity. The gradient decreases to 4 per 
cent/km at about 3500 m which is predominantly the region of 
development of secondary porosity.
The highest primary porosities occur in the Port Campbell 
Limestone, the Mepunga, Dylwin and Pebble Point Formations and 
part of the Curdies Formation. These porosities are 
characterized by
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macropores of intergranular pore textures produced by incomplete 
cementation. They may have been inherited from the depositional 
process or from eodiageneti£ events.
Secondary porosity is evident in the Curdles, Paaratte, 
Flaxmans, Waarre and Eumeralla Formations. The secondary 
porosity is characterized by the presence of reduced 
intergranular and intra-cement pore textures and pore-filling by 
authigenic matrix and cement, such as, kaolinite, illite, 
sericite, chlorite and carbonate during mesodiagenetic events. 
The reduced intergranular and intra-cement pores may have 
been formed by authigenic dissolution of carbonate cement or 
partial dissolution of framework grains, such as feldspar grains. 
Hicrofracture pore textures are identified in the Eumeralla 
Formation, but they have been filled by thin films of chlorite 
and silica which reduce the effective microfracture porosity.
The main controlling factors affecting porosity and 
permeability in the Port Campbell area are mineralogy, grain 
size, sorting, shape, roundness and packing. In addition burial 
and length of burial time contribute to changes in porosity and 
permeability because of diagenetic effects. Thus, towards the 
base of the succession there is a reduction in secondary porosity 
that probably reflects both the increase of diagenetic effects 
with depth and the greater time of burial.
In summary, the Mepunga, Dylwin and Pebble Point Formations 
have an average primary porosity ranging from 10 per cenjt to
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25 per cent, which indicate potentially good reservoir 
performance. However, these units typically lack adjacent 
organic-rich source rock of appropriate maturity. The Late 
Cretaceous sequences, such as the Waarre, Paaratte and Curdies 
Formations can be considered to have moderate reservoir potential 
where the average of their porosities range from 10 per cent to 
20 per cent. The Flaxmans Formation is categorized as having 
marginal reservoir potential because the sandstones have a high 
matrix content.
The largest hydrocarbon accumulation found to date has been 
in the Waarre Formation. Thus, this formation offers the best 
prospects as a reservoir. The SEM analysis reveals that 
secondary intergranular and intra-cement pore textures are common 
within quartzarenite and sublitharenite. Authigenic kaolinite is 
the dominant clayLin the cement, forming face to face and face to 
edge stacks of pseudohexagonal plates. The form of these plates 
increases microporosity. Because kaolinite swells less than 
other types of clay minerals, the quartzarenite and 
sublitharenite of the Waarre Formation should show relatively 
good reservoir performances where they contain reservoir 
hydrocarbons.
The sandstone facies of the Eumeralla Formation may be 
considered to have marginal to favourable reservoir potential. 
The porosity is lower than in the Waarre Formation, ranging from 
5 per cent to 15 per cent. The porosity is formed by secondary
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reduction of intergranular and intra-granular pore textures and 
m i c r o f r a c t u r e  t e x t u r e s  d u r i n g  m e s o d i a g e n e t i c  e v e n t s .  T h e se  p o re  
textures are sparse to common. Nevertheless, authigenic chlorite 
is the dominant clay mineral in the cement, filling the spaces 
between grains and creating tightly packed scaly and platy 
aggregates, among which there are only small, commonly isolated, 
micropores. Microfractures do not seem to be well—developed 
throughout the sandstone facies. Thus, the Eumeralla Formation 
may be marginally favourable as potential reservoir. However, 
source rock potential occurs within this formation. Thus, some 
of the better source rocks are juxtaposed against relatively poor 
quality reservoir rocks.
Cluster analysis was undertaken to assess possible 
relationships for variables (R-mode) and objects (Q-mode) of 
petrographic data presented by dendrograms. Some clusters in 
R-mode dendrograms show significant relationships among variables 
within the clusters. The clusters are characterized by the 
pairing of a limited number of variables having strong positive 
similarity coefficient (in the range 0.68 to 0.96). Similar 
clustering structures occur in Q-mode dendrograms.
The conclusions reached in this study can be summarized as 
follows:
1. D.O.M. is common to abundant overall in the sequences, being
most abundant in the Eumeralla, Waarre and Dylwin
Formations, where inertinite is typically the most abundant
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maceral. Coal-related organic matter Is sparse and is 
restricted in the f- umeralla, Waarre, Paaratte, Curdles and 
Dylwin Formations.
2. The zone of peak oil generation (0.7%-0.9% Rymax) occurs 
below a depth of 2000 m and is within the Eumeralla 
Formation.
3. The main sandstone types, overall, are sublitharenite,
quartzarenite, volcarenite, litharenite, and feldspathic 
litharenite in which both primary and secondary porosity are 
present. Eodiagenetic and mesodiagenetic events contributed 
to changes in the porosity and permeability. Secondary
intergranular and intra-cement pore textures are common in 
the Waarre Formation. This indicates a high probability of 
the existence of good reservoirs in these units in the Port 
Campbell area.
4. Kaolinite is the dominant clay mineral in most of the 
fine-grained rocks. Dolomite is prominent in fine-grained 
rocks of the Eumeralla Formation.
5. R-mode cluster analysis of the total petrological data gives 
four groups (A, B, C and D) which show negative similarity 
coefficients. However, some subgroup clusters (for example 
1 to 9) show very positive relationships to each other 
having similarity coefficient between 0.08 and 0.33. 
Nevertheless, some pairs of variables (for example, sorting 
and intraclast; microspar cement and hematite; limonite
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and chamosite; packing and dolomite; and fine-grained 
sandstone and limonite) show highly positive similarity 
coefficients ranging from 0.95 to 0.98 and are closely 
correlated.
Similarly, among the main cluster groups in the 
dendrograms, calculated separately for the Otway, Sherbrook 
Wangerrip and Heytesbury Groups, show negative and weak 
relationship. Again, some variables are significantly 
related to each other and have positive similarity 
coefficients between 0.68 and 0.98 (Otway Group; muscovite 
and glauconite; siltstone, limestone, quartz overgrowths and 
silica; compaction, plagioclase and volcanic rock fragments; 
maximum grain size, quartz mica schist, minimum and average 
grain size: Sherbrook Group; packing and compaction; 
porosity and quartz; maximum and minimum grain size; quartz 
overgrowths and silica; limonite and chlorite; biotite and 
intraclast: Wangerrip Group; limonite and chamosite; 
hematite/limonite and phosphate; average grain size and 
silica; quartz mica schist and quartz overgrowths: 
Heytesbury Group; sorting, pellet, ooid and intraclast; 
porosity and shape; maximum and average grain size; quartz 
and potassium feldspar; siderite and limonite).
Q-mode dendrograms of the total petrological data have 
been divided into four major cluster groups, A, B, C and D. 
These clusters do not appear related to each other since
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they have weak negative or positive similarity coefficients 
(-0.03 to 0.2). These four groups are subdivided into 26 
clusters which are most closely related to each other as 
indicated by the positive similarity coefficients ranging 
from 0.2 to 0.92. Groups B and D have moderately 
well-defined clusters. The clusters 15, 16 and 17 of group 
B are characterized by the pairing of all mudstone facies 
samples and have positive similarity coefficients of between 
0.55 and 0*93. These mudstones can be split into two main 
types. One type contains glauconitic mudsdtone (the Belfast 
and part of the Paaratte Formation), whereas the second type 
contains the carbonaceous mudstones of the Eumeralla, Waarre 
and Paaratte Formation. The former were predominantly 
deposited in a shallow marine to proximal shoreline 
environment, and the latter were predominantly 
fluviatile-deltaic environment. Group D is characterized by 
clustering of volcanic fragment-bearing and feldspar-rich 
sedimentary rocks of the Eumeralla Formation. They have 
positive similarity coefficients ranging from 0.30 to 0.85. 
Overall, cluster group D is distinct from groups A, B and C 
in terms of mineralogical composition, diagenetic features, 
depositional environment and provenance. In group D, 
volcanic rock fragments and feldspar grains are more 
prominent and are probably derived from first cycle 
metamorphic, volcanic or plutonic provenances with the 
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Rock Petrology.
IB. Core and Cutting Samples Collected and Examined for Thin 
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ID. Core and Cutting Samples Collected and Examined for X-ray 
Diffraction Analysis.
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2A. Abbreviations and numerical systems used in the computer
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2B. Data matrix for petrological data of the Port Campbell area. 
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2D. Pearson Product-Moment correlation coefficient matrix.
2E. Petrological data summary of the Otway Group.
2F. Petrological data summary of the Sherbrook Group.
2G. Petrological data summary of the Wangerrip Group.
2H. Petrological data summary of the Heytesbury Group.
21. Petrological data summary of the Eumeralla Formation.
2J. Petrological data summary of the Waarre Formation.
2K. Petrological data summary of the Flaxmans Formation.
2L. Petrological data summary of the Belfast Mudstone.
2M. Petrological data summary of the Paaratte Formation.
2N. Petrological data summary of the Curdies Formation.
20. Petrological data sumaary of the Pebble Point Formation.
2P. Petrological data summary of the Dylwin Formation.
2Q. Petrological data summary of the Mepunga Formation.
2R. Petrological data summary of the Clifton Formation
2S. Petrological data summary of the Gellibrand Marl.
2T. Petrological data summary of the Port Campbell Limestone.




3A. The parameters of the first order linear regression 
equation for porosity versus depth of the line-1 on 
Figure 52.
3B. The parameters of the first order linear regression 
equation for porosity versus depth of the line-2 on 
Figure 52.
3C. The parameters of the first order linear regression 
equation for porosity versus depth of the line-3 on 
Figure 52.
3D. The parameters of the first order linear regression 
equation for matrix versus porosity on Figure 55.
3E. The parameters of the first order linear regression
equation for permeability versus porosity on Figure 54.
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APPENDIX 1A











1 20714 274.6 Core Gellibrand Marl
2 21715 381.0 Cuttings Clifton Formation
3 20716 478.5 » Dylwin Formation
4 20717 600.5 Core t«
5 20718 746.8 •t t f
6 20719 807.7 Cuttings «•
7 20720 889.4 Core t *
8 20721 959.8 •• ••
9 20722 1015.9 Core Pebble Point Formation
10 20723 1098.5 •• Curdles Formation
11 20724 1140.5 t t . •«
12 20725 1167.3 Cuttings "
13 20726 1219.5 Core t f
14 20727 1306.9 *« Paaratte Formation
16 20728 1451.4 •t •t
17 20729 1483.1 «» i t
18 20730 1531.6 •• Belfast Mudstone
19 20731 1593.2 •• f f
20 20732 1594.4 i f •f
21 20733 1661.2 Cuttings i f
23 20734 1725.7 Core Waarre Formation
24 20735 1738.5 i t •f
25 20736 1740.0 i * i f
26 20737 1808.0 •• i i
27 20738 1808.7 Cuttings •t
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109 20742 2162.5 Core Belfast Mudstone
110 20743 2231.1 Cuttings 99
111 20744 2343.6 Core •9
112 20745 2386.5 Cuttings 99
113 20746 2417.0 Core Flaxmans Formation
116 20747 2493.2 •• Waarre Formation
117 20748 2500.8 Cuttings 99
119 20749 2542.3 Core 99
120 20750 2563.6 99 99
121 20751 2610.3 " Eumeralla Formation
122 20752 2625.2 99 99
123 20753 2696.0 Cuttings 99
Port Campbell No. 4
77 20754 173.7 Cuttings Port Campbell Limestone
78 20755 365.7 99 Mepunga Formation
79 20756 594.3 99 Dylwin Formation
80 20757 682.7 99 99
81 20758 784.8 Core Curdies Formation
82 20759 882.0 99 99
83 20760 948.0 Cuttings 99
84 20761 986.3 Core 99
86 20762 1169.0 99 99
87 20763 1254.0 99 Paaratte Formation
89 20764 1368.5 Cuttings Belfast Mudstone
90 20765 1402.7 Core 99
91 20766 1492.3 99 Flaxmans Formation
92 20767 1520.0 99 Waarre Formation
93 20768 1520.6 99 99
98 20769 1755.6 99 Eumeralla Formation










Port Campbell No.4 (continued)
100 20771 1938.2 Core Eumeralla Formation
101 20772 2078.7 Cuttings I«
102 20773 2191.8 Core ••
103 20774 2345.7 f t •t
106 20775 2526.4 •• i t
107 20776 2591.4 t f i t
108 20777 2596.0 tt i t
Flaxmans N o .l
29 20778 1260.0 Core Curdles Formation
30 20779 1314.6 i t Paaratte Formation
31 20780 1437.0 tt tt
32 20781 1472.2 Cuttings tt
33 20782 1520.0 Core t t
35 20783 1639.5 tt tt
36 20784 1665.1 tt tt
37 20785 1815.3 t t Belfast Mudstone
38 20786 1944.6 i t i t
39 20787 1956.8 Cuttings •t
42 20788 2104.5 Core Waarre Formation
43 20789 2129.0 i t t t
46 20790 2215.8 Cuttings t t
48 20791 2335.4 Core Eumeralla Formation
49 20792 2353.0 Cuttings tt
50 20793 2397.5 Core tt
51 20794 2429.2 tt i t
52 20795 2482.0 tt ••
53 20796 2484.7 tt i t
54 20797 2517.6 Cuttings •t
55 20798 2584.0 Core tt










Flaxmans No •1 (continued)
57 20800 2711.0 Core Eumeralla Formation
58 20801 2749.2 Cuttings ft
59 20802 2782.5 Core »•
60 20803 2847.0 Cuttings •t
61 20804 2883.4 «• it
63 20805 2929.1 Core «•
65 20806 3088.2 • •
66 20807 3089.0 •
67 20808 3124.0 Cuttings M
68 20809 3198.5 Core •
69 20810 3240.0 Cuttings •9
70 20811 3293.3 Core M
71 20812 3337.5 Cuttings 99
72 20813 3380.0 Core • 9
73 20814 3424.4 • •9
74 20815 3456.4 Cuttings ««
75 20816 3512.8 Core • 9
North Paaratte 1
146 21610 152.4 Cuttings Gellibrand Marl
147 21611 304.8 •• 99
148 21612 457.2 • Dylwin Formation
149 21613 609.6 99 99
150 21614 762.0 99 Pebble Point Formation
151 21615 914.4 99 Curdies Formation
152 21616 1066.8 •9 91
153 21617 1219.2 99 Paaratte Formation
154 21618 1371.6 99 Belfast Mudstone
155 21619 1544.7 99 Eumeralla Formation
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Block Sample Type of
Number Location Sample Formation
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1 3856 274.6 Core Gellibrand Marl
146 BMR slide 449.8 •• Clifton Formation
147 «• 527.3 Cuttings Dylwin Formation
148 i t 554.7 i t 99
149 •• 585.2 i t 99
4 3802 600.4 Core 99
150 BMR slide 602.8 9» 99
151 •• 664.4 Cuttings 99
5 3790 746.7 Core 99
152 BMR slide 789.4 Cuttings 99
153 M 798.5 99 99
154 • • 862.5 • 9 99
155 • • 868.5 99 99
156 • • 871.7 • 9 99
157 • • 884.0 9« 99
7 3859 998.4 Core 99
7a 3858 889.4 «• 99
158 BMR slide 944.8 Cuttings 99
8 3857 959.8 Core 99
160 BMR slide 963.1 Cuttings Pebble Point Formation
9 3829 1015.8 Core 99
161 BMR slide 1017.1 99 99
10 3832 1098.4 99 Curdies Formation
11 3800 1140.5 99 99
12 3817 1167.3 Cuttings 99
13 3767 1219.5 Core 99
162 BMR slide 1225.2 Cuttings 99
163 BMR slide 1286.2 99 99
14 3805 1307.0 Core Paaratte Formation
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Reference Thin Section Depth Core/






































































B e l f a s t  M udstone
tt
••
Flaxm ans F o r m a tio n  
••
W aarre F o r m a tio n
i t••
••
P o r t C am p b ell L im e sto n e  
( ?  C a v in g )
W aarre F o rm a tio n
B e l f a s t  M udstone
t t
Flaxm ans F o rm a tio n  
••
i t









Pebble Point Formation 
Curdies Formation
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83 3816 948.0 Cuttings Curdies Formation
84 3871 986.3 Core i t
85 3882 1072.5 •• i i
86 3861 1169.0 •• 91
87 3872 1254.0 i t Paaratte Formation
88 3873 1304.2 M VI
90 3874 1402.6 I I Belfast Mudstone
91 3837 1492.3 I I Flaxmans Formation
92 3820 1520.0 I t Waarre Formation
93 3887 1520.6 I I V I
94 3819 1571.5 I I i i
96 3875 1664.8 • I Eumeralla Formation
97 3863 1754.4 • I t i
98 3821 1755.6 I I i i
99 3888 1853.7 •1 i i
100 3809 1938.2 t l •
102 3880 2191.0 I I ••
103 3862 2345.7 I I t i
104 3810 2407.0 I I IV
105 3806 2524.0 I I ••
106 3843 1526.4 I I '  i i
107 3876 2591.4 • 1 ••
108 3842 2595.9 • I i i
Flaxmans No.l
29 3865 1260.0 Core Curdies Formation
30 3866 1314.6 •• i i
31 3849 1436.8 i t Paaratte Formation
33 3811 1520.0 i i ••
34 3839 1633.1 i t ••
35 3850 1639.5 •• i t
36 3833 1665.1 •• IV
37 3884 1815.3 i i Belfast Mudstone
38 3885 1944.6 • i i i
40 3851 2021.4 t i Flaxmans Formation
41 3827 2096.1 i i i i
42 3852 2104.6 •i Waarre Formation
43 3835 2129.0 •• i i
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44 3834 2133.0 •« i t
45 3822 2198.2 «• •t
47 3853 2284.2 i t Eumeralla Formation
48 3867 2335.3 i t t t
50 3838 2397.5 i t •t
51 3823 2429.2 i t i t
52 3854 2482.0 •t i t
53 3836 2484.7 i t •t
55 3824 2584.0 •t •t
57 3825 2711.0 i t •t
59 3826 2782.5 i t •
60 3814 2847.0 Cuttings i t
62 3840 2897.7 Core tt
64 3807 2978.8 •t t t  •
65 3923 3088.2 i t i t
66 3841 3088.8 i t i t
67 3815 3124.2 Cuttings •t
68 3809 3198.5 Core •t
70 3868 3293.3 i t •t
72 3879 3380.0 i t t t
73 3886 3424.4 tt i t
75 3878 3522.8 •t tt
76 3855 3513.7 • i » i t
North Paaratte No.l
148 4083 457.2 Cuttings Dylwin Formation
149 4084 609.6 • tt
150 4085 762.0 i t Pebble Point Formation
151 4086 914.4 fi Curdles Formation
152 4087 1066.8 •t i t
153 4088 1219.2 H Paaratte Formation
154 4089 1371.6 ' tt Belfast Mudstone
155 4090 1544.7 It Eumeralla Formation
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Outcrop Samples Collected and Examined for Thin Section Petrology
Thin
Location Reference Section Type of
Number Nimber Nimber Location Sample Formation
1 125 3983 Gibson Step Hand Specimen 9 I l
1 126 3984 i t 99 Port Gnqpbell Limestone
2 127 3985 Ocean Road 
W of Bumma
99 Dylwin Formation
2 128 3986 • 9 99 99
2 129 3987 «9 99 99
3 130 3988 Ocean Road 
S of Bumma
9 9 99
4 131 3989 Ocean Road 
NE of Johanna
99 Mepunga Formation
5 132 3990 Ocean Road 
E of Johanna
99 Otway Group
5 133 3991 99 99 99
5 134 3992 «9 91 "
6 135 3993 Coastal Cbve 
beach
99 99
6 136 3994 99 99 99
7 137 3995 Apollo Bay «9 "
8 138 39% • • 99 99
8 139 3997 99 99 99
9 140 3998 Quarry, Wbngarra 99 99
9 141 3999 99 99 "
10 142 4000 Sugar Loaf Hill 99 99
11 143 4001 Godfrey Creek • 9 99
12 144 4002 Lome 99 Port Canpbell Limestone
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APPENDIX 1C
C o r e  and C u t t i n g  Sam p les C o l l e c t e d  and Exam ined  
f o r  S c a n n in g  E l e c t r o n  M ic r o s c o p y




C o re /
C u t t i n g s F o rm atio n
Port Campbell Nò. 1 Bore Hole
7 1 889.4 C o re D y lw in  F o rm a tio n
13 2 1219.5 M C u r d le s  F o rm a tio n
23 3 1725.7 •• W aarre F o rm atio n
Port Campbell No .2 Bore Hole
115 13 2468.3 C o re Flaxm ans F o rm a tio n
118 14 2535.0 tt W aarre F o rm atio n
123 15 2691.4 •• E u m e r a lla  F o rm a tio n
Port Campbell No.4 Bore Hole
81 7 784.8 C o re C u r d le s  F o rm a tio n
85 8 1072.6 •• M
87 9 1254.0 •• P a a r a t t e  F o rm a tio n
92 10 1520.0 •• W aarre F o rm atio n
94 11 1571.5 •• ••
104 12 2407.0 n E u m e r a lla  F o rm a tio n
Flaxmans No.l Bore Hole
35 4 1639.5 C o re P a a r a t t e  F o rm a tio n
43 5 2129.0 •• W aarre F o rm atio n
65 6 3088.2 •• E u m e r a lla  F o rm a tio n
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APPENDIX ID
Core and Cutting Samples Collected and Examined 
for X-ray Diffraction Analysis
Reference Depth Core/
Bore Hole Number (m) Cuttings Formation
Port Campbell 1 274.6 Core Gellibrand Marl
No .1 8 959.8 •• Dylwin Formation
13 1219.5 •• Curdies Formation
17 1483.1 •• Paaratte Formation
19 1593.2 •• Belfast Mudstone
22 1664.2 Cuttings ••
24 1738.5 Core Waarre Formation
27 1808.7 Cuttings ••
Port Campbell 109 2162.5 Core Belfast Mudstone
No.2 120 2563.6 9 9 Waarre Formation
121 2610.3 • • Eumeralla Formation
Port Campbell 90 1402.7 Core Belfast Mudstone
No.4 93 1520.6 M Waarre Formation
99 1853.8 •• Eumeralla Formation
102 2191.8 «• ••
107 2691.4 99 ••
Flaxmans 33 1520.0 Core Paaratte Formation
No. 1 37 1815.3 t« Belfast Mudstone
45 2198.2 " Waarre Formation
46 2215.8 Cuttings ••
50 2397.5 Core Eumeralla Formation
56 2648.7 Cuttings ••
59 2782.5 Core 9*
63 2929.1 • • ••
68 3198.5 it 99
73 3424.4 •  9
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APPENDIX IE
Samples collected and examined 
by Cathodoluminescence (CL)
Reference Thin Section Depth Core/
Number Number (m) Cuttings Formation
Port Campbell Nò.2 Bore Hole
118 4125 2535.0 Core Waarre Formation
Port Campbell Nò.4 Bore Hole
94 4124 1571.5 Core Waarre Formation
Flaxnans No.l Bore Hole
34 4127 1520.0 Core Paaratte Formation
51 4126 2429.2 Core Eumeralla Formation
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APPENDIX 2A. ABBREVIATIONS AND NUMERICAL SYSTEMS USED 
IN THE COMPUTER DATA.
FM SS Formation PYT ■ Pyrite
POROS 3 Porosity MSP =* Microsp ari te
LSI a Limestone HEMAT a Hematite
MAX ss Maximum grain size COLOR 3 Color
MIN ss Minimum grain size H/L 3 Hematite/Limonite
AV SB Average grain size TRN a Tourmaline
Q 3 Quartz C/S/S a Clay/silt/sericite
EPD = Epido te LNT * Limonite
SORT a Sorting CHS *■ Chamosi te
INTRA a Intraclas tics DEPTH 3 Depth(meters)
SHAPE a Shape of particle COMP a Compaction
CHL 3 Chlorite PLAG a Plagioclase
MDST a Mudstone VRF a Vole, rock fragment
SP 3 Sparry calcite cement PACK ** Packing
BIOT 8 Biotite DOL 3 Dolomite
MCT as Micrite KFELD 3 Potassium feldspar
MQTZ 3 Metaquartzite SLT a Sils tone
SID a Siderite FGST a Fine-grained sandsto
SIL a Silica LIM ■ Limonlte particle
QMS a Quartz-mica-schis t CHT a Chert
C 8 Carbon GLAU a Glauconi te
OM a Organic matter PELET a Pelet
QOVG = Quartz overgrowth OOID a Ooid
Z 3 Zeoli te PHOS a Phospate
MUSC a Mus covi te Grain shape
Colour
White -
Light yellow - 
Yellow -



















D a r k  g r e y  -  5 
G r e e n i s h  g r e y -  6 
G r e e n  -  7 
B r o w n i s h  g r e y -  8 
L i g h t  b r o w n  -  9 
b r o w n  -  10 
G r e e n i s h  b r o w n  - 11
P o r o s i t y
N e g l i g l i b l e
P o o r
F a i r
G o o d
V e r y  g o o d
-  0 




F o r m a t i o n  
E u m e r a l l a  Fm -  1
S o r t i n g
V e r y  p o o r  
p o o r *
-  0 
-  1
W a a r r e  Fm -  2 M o d e r a t e -  2
F l a x m a n s  Fm -  3 G o o d -  3
B e l f a s t  M u d s t o n e -  4 V e r y  g o o d -  4
P a a r a t t e  Fm 
C u r d l e s  Fm
-  5
-  , 6 P a c k i n g  a n d C o m p a c t i o n
P e b b l e  P o i n t  Fra 7 O p e n  •  
C l o s e  -
1
D y l w i n  Fm -  8 2
M e p u n g a  Fm -  9 V e r y  C l o s e  - 3
C l i f t o n  Fm -10 V e r y  l i t t l e c o m p a c t i o n
G e l l i b r a n d  M a r l -11 l i t t l e c o m p a c t i o n
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APPENDIX 2C. PETROLOGICAL DATA SUMMARY OF TOTAL DATA, PORT CAMPBELL AREA
PETROLOGICAL DATA, PORT CAMPBELL AREA - 11 DECEMBER 1985
NUMBER OF AVERAGE OF STANDARD RANGE
VALUES I N P U T  VALUES D E V I A T I O N MAXIMUM MI N I M U M
FM U 8 . ' 4 . 1 8 9 3. 109 12 .0 0 0 1 .000
DEPTH 128. 1710 .4 77 804 .3 95 3513 .7 00 274 .6 00
COLOR 146. 6 . 4 5 4 2. 650 1 1 .0 0 0 .3 00
PACK 148 . 1 . 6 6 9 .599 3 . COO 1 .000
COMP 148. 2 . ^ 2 6 .701 4 .000 1 .0 00
PCROS 142. 1 .669 .722 4 .0 00 1 .000
SHAPE 148. 2 .6 62 .300 5 . 5 CO 1 .5 00
MAX 148 . .702 .311 4 .8 00 .02 0
MIN 143. . 070 .173 2 .000 .001
AV 148. .223 .236 1.500 .003
SORT 130. 1 .7 36 .677 3 .0 00 1 .0 00
Q 147, 3 4 . 3 1 7 27 .737 92 .0 00 .600
KFELD 132. 2 .812 3 .219 18 .0 00 .010
PLAG 74 . .641 .635 2. 400 .01 0
VRF 70. 2 1 . 7 4 8 26.081 71 .000 .01 0
KOT Z * 7 . 1 .104 1 .692 11 .000 .010
QMS . 64. .717 .784 . 4 . 300 .01 0
SLT 27. .982 1.077 4 .0 00 .010
CHT 115. 1 .3 33 1.401 8 .3 00 .01 0
LST 28 . 8 .731 18 .6 13 73 . 1 0 0 .01 0
FGST 25. .727 1.207 5. 400 . 01 0
MOST 12. 1 .692 1.073 3 .100 .200
MU SC 127 . .732 .739 5 .0 00 .010
B I O T 79. .492 .686 '4 .0 00 .010
CHL . 99. 1 .7 19 1.883  • 9 . 0 0 0 .010
EPD 13 . .031 .039 .100 .010
GLAU 46. ’ 2 . 7 04 5.841 29 .400 .010
TRN • 20 . .405 1.330 6 . 0 0 0 .010
PTT 115. 1 .131 1.359  . 1 0 . 000 .01 0
LNT 20. 6 .9 27 13 .2 64 58 .0 00 .010
CHS 8. 1 . 5 26 1.463 4 .0 00 .010
OM 109 . . 4 . 8 0 7 5 .932  . 35 .0 00 .010
C ^ S / S 127. 32 .1 53 33 .518 93 .000 .01 0
H / L . 1 5 . 5 .2 65 14 .468 55 .7 00 .010
C 7.  • * 1 .1 1 4  . .478 1 .900 .500
MC T 32. 24 . 9 7 8 21 .200 7 0 .3 0 0 .200
MSP 30. 7 .8 94  . 9 . 205 33 .000 • 0 1  o
SP 34. 5 .2  56 8 .0 14 30 .0 00 .010
GOV G 28. 1 .2 20 1.614 8 .0 00 .01 0
S I L 36 . 1 .406  , 1 . 640 8 .2 00 .01 0
CHL 32. ; 5 .2 5 0 3.957 17 .000 .400
z 15. 1 .1 75 1.567 5 .8 00 .010
I  M R  A 4 . 3 . 5 0 0 4 .389  . 10 . 000 .700
PELET 1. .000 .01 0 .010
00 ID : 1 .  ■ ■ ' : • • v  .0 10 .000 .010 .010
PHOS . ' 1 . .100 .000 • . , .100  i .100
HEMAT 1 5. V  2 . 0 7 4  ’ 2 .478 9 .0 00  ' .0 10
DOL 3. 4 .2 33 2.136 6 .700 3 .0 00
S I D 23.  . . 6 .1 35 11 .997 4 4 .0 0 0 .100
L I M 13. 5 .7 00 7 .6 56 28 .0 0 0 .200
APPENDIX 2D. PEARSON PRODUCT-MOMENT
____PRO DUC T-MOM ENT „m a t r i x  f o r . PETROLOGICAL DATA,  PORT CAMPBELL ARE/
S A M P L  E ________ F_M_ D E P T H C O L O R P A C K C O M P P O R O S S H A P E M A X
p v * * * * * * * * - . 8 8 5 6 . 11 1 7 " - .6321 - .5 8 0 6 . 32 72 . 2036 .112  4
D E P T H - . 8 8 5 6 * * * * * * * * - .1 741 . 4393 . 4559 - .2 810 - . 1 7 3 0 - .1230 -
C 0  L  G p . 11 17 ~ #  ̂ 7  ^ * ★ ★ * * * ★ ★ - . 2 6 5 6 - . 1 8 4 3 - . 0 7 2 9 . 1084 - .0 0 2 8 -
P A C K - .6 381 .4893 - . 2 6 5 6 * * * * * * * * . 6 8 6 3 - .1 7 1 9 - . 0 7 1 7 - .0 6 4 4 -
c o m p - . 5 8 0 6 .4559 - . 1 8 4 3 . 68 63 * * * * * * * * - . 1 7 8 7 - .1 7 2 5 - .0 4 2 0 -
P O R O S . 32 72 - .2 8 1 0 - . 0 7 2 9 - . 1 7 1 9 -.1 787 * * * * * * * * . 048 0 . 4163
SH A P E . 2036 - .1 ?30 . 1 084 - . 0 7 1 7 - . 1 7 2 5 • 0 4 8 0 * * * * * * * * .2806 -
M A X . 1 1 2 4 - . 1 2 3 0 - . 0 0 2 8 -, 0644 - . 0 4 2 0 .4163 • 2 8 06 * * * * * * * *
M I  K . 1 2 1 6 - . 1 7 7 2 - . 1 1 8 7 - . 0 9 9 7 - . 0 9 7 6 . 1296 - .0 891 . 1 6 4 4 * *  *
A V . 1 1 6 7 - . 1 5 0 0 - .0 881 - . 0 3 4 4 . 0 1 2 4 . 48 52 .2151 . 7173
S O R T - .  1433 . Cc 5 1 - .0 881 . 2 3 51 .040  2 . 1876 .17 42 - . C 6 G 2
C . 1 9 07 - .2 952 -.1 650 - . 0 7 5 8 - .1 0 0 5 . 4228 . 1 2 4 9 . 4053
K F  E L D - . 3 9 8 4 . 3428 - . 1 0 3 ? .301  6 . 38 46 .0445 - .3 101 - .0 114
P L  AG - . 4360 .3002 - . 0 6 4 5 . 3364 . 5906 - .0 4 9 2 - . 2 9 2 4 - .1 2 8 9
V  RF - . 5 9 0 6 . 4976 - . 1 4 1 0 . 3 3 9 0 .61 44 - .0 602 - . 3 5 0 2 - .1 948 -
M Q T Z . 3763 - .4691 - . 0 4 8 0 - . 3 3 7 6 - . 0 8 9 2 - . 0 2 2 4 .  0694 - .0 388
Q M S - . 0 8 5 7 . 09 06 - . 0 2 1 0 . 02 50 - . 0 1 3 7 .2348 . 1631 . 4659 -
s l t - .1 2 6 3 - .0 285 - .4891 .  32 76 . 2747 .095  5 - . 0 7 3 7 .2068
C H T - . 0 6 4 2 - .0111 - . 0 0 0 6 . 04 40 .  1 449 . 06 63 .11 65 . 15 90 -
L S T . 6 3 66 - . 4 7 8 4 - . 5 8 4 7 - . 2 5 3 6 - . 3 2 3 6 . 6892 .1411 .3830
FGST .  3052 - . 4 2 4 9 - . 0 1 0 9 - .2  521 . 0 9 3 7 - . 0 4 3 4 - . 1 6 3 9 - .2531
MOST - . 1 2 4 3 . 60 70 - . 1 4 5 6 .  0074 - . 0 1 9 6 .3 159 - . 2 2 6 2 .0737 -
MU SC - . 1 0 3 9 .1501 . 0 4 9 8 .  02 37 - . 1 0 2 2 - .0 8 8 0 - . 0067 - . 1 8 4 8 -
0 I  OT . 17 04 - .0 2 6 7 . 0353 - . 3 1 8 4 - .1 2 8 5 - .0 5 7 8 - . 0 1 9 0 . 04 07 -
CHL - . 1 8 5 3 .2570 - . 1 1 7 5 .  02 87 - . 1444 - . 3 1 2 4 - . 0 7 1 3 . 08 96 -
E PD - .0 2 5 2 - .9061 - . 3 4 9 0 . 0 8  89 - .1  27 3 - . 1 2 7 8 - . 0 3 0 4 - .0 268
GLAU -.0491 .0680 - . 1 7 8 1 .31 30 . 2738 .  0727 . 02 64 - .0 443 -
T h * . 3 4 9? - .1 9 8 0 .1 93 3 - . 2 6 9 7 - . 2826 - .4 004 - . 0 5 5 5 - . 1 9 4 0 -
PYT . 0 0 3 6 - .0 7 8 8 . 1 5 0 6 - .1 651 - . 0 7 9 3 - . 1 9 2 5 .04 5  0 - .0 930 -
L NT - . 2 1 9 3 .4101 . 2583 - . 0 9 7 4 - . 0 4 8 9 - . 1 3 4 7 . 61 23 . 1015 -
CHS - .  3245 - .0 2 5 0 - . 2 4 8 5 .1361 .081 4 - . 3 3 5 6 - . 0 7 5 6 - .2 678 -
G v . 0234 - .0 2 8 0 .1 074 - . 0 3 1 7 - . 1232 - . 1 1 4 3 .  0271 - . 0 5 1 4 -
c / s  / s - .0 331 . 05 23 . 2854 .  C 41 5 - . 1 5 6 3 - .4 6 3 7 .1204 - .3 167 -
H/L .3181 .0000 .  3223 - . 3 1 8 3 - . 3 1 1 7 .  1355 - . 0419 - . 0 0 4 2 -
C - .1 6 1 4 - . 1 0 7 6 - . 6 2 1 0 - .  02 53 - . 0 2 5 3 - .0 105 .  3544 . 28 70
MCT .3581 - .5 170 - . 0 6 0 1 - . 4390 - .3 5 4 1 - . 2 1 7 2 - . 3 5 2 9 - . 1 2 8 9 -
MSF .  2554 - .3611 . 4 0 0 7 - . 3 7 1 6 . 11 39 - . 0 4 7 6 .  0942 - . 0 2 4 7 -
SP . 3362 - . 3 8 4 8 - . 1 4 8 6 - . 3 1 5 4 . 0 0 1 9 - . 0 7 4 5 . 2482 - .0 8 2 4 -
QOVG - . 0 0 1 2 . 11 88 - . 5 2 6 9 .41 69 - . 1 7 0 9 - . 1 4 7 4 . 3 1 9 4 . 30 86 -
S I  L - . 0 7 3 1 . 09 36 - . 2 6 1 4 .1 0  91 . 0492 - . 1 6 0 5 - . 0 6 0 4 - .1 445
CHL . 1 9 7 3 . 22 03 . 1 4 4 7 - . 0 8 0 7 - . 0 7 3 8 - . 2 9 6 6 .  4563 - .1 4 9 8 -
Z . 0 0 0 0 - . 3 4 6 7 - . 3 5 4 7 . 1 4 5 6 . 2 1 0 6 . 3431 -  . 17 94 - . 1 2 9 3 -
INTRA . 5 3 6 9 . o c c o - . 4 2 5 3 . 0000 - . 3798 . 69 72 . 4253 - .7 581
PELET . 0000 . 0 0 0 0 . 00  00 .  0000 . 00 00 . 0 0 0 0 . 0 0 0 0 . 0000
00 I  D . 0 0 0 0 . 00 00 . 0 0 0 0 . 00 00 . 0 0 0 0 . 0 0 0 0 .  0 0 0 0 . 00 00
PH OS . 0 0 0 0 . 00 00 .  0000 . 00 00 . 0 0 0 0 .  0000 . 00 00 .0000
HEM AT . 3 7 3 9 - . 4 5 4 8 .3351 - . 3 3 4 6 - .  0 6C 8 - . 2 3 4 5 . 5358 . 10 63 -
D OL - . 9 9 1 2 . 00 00 . 9 9 4 3 1 . 0000 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 6355 -
S I D .  04 A 4 - . 0 4 9 4 -  . 03 47 - . 2 1 1 7 - . 1 4 2 9 - . 1 4 9 2 .  25 09 . 06 92
LI M .3755 - .3 6 8 5 .081  2 - . 3 2 9 7 - . 2 9 0 2 - . 00 26 - . 4 0 6 9 - .2 6 0 4 -
C O R R L L A T I O N  C O E í í I C I E N T  M A T R I X .
* - 1 1 DECEMBER 1985
MIN A V SORT Q KFELD PLAG VRF
. 1 2.1 6 . 1 1 87 - . 1 4 3 3 . 19 07 - . 3 9 6 4 - . 4 3 6 0 - . 5 9 0 6
.1772 - . 1 5 0 0 .0951 - . 2 9 5 2 . 3428 . 30 02 . 4 9 7 6
.1187 - .0  8 81 -.  086 1 - . 1 8 5 0 -. 1037 - . 0 6 4 5 - . 1 4 1 0
.0997 - . 0 3 4 4 . 2351 - . 0 7 6 8 . 30 16 . 33 64 . 3390
.0976 .01 24 . 0402 - . 1 0 0 5 . 3846 . 5906 . 6 1 4 4
.1296 . 485 2 . 1876 . 42 23 . 0445 - . 0 4 9 2 - . 0 6 0 2
.0891 .2151 . 1742 . 1249 - .3101 - . 2 9 2 4 - .3 5  02
, 1 644 . 7173 - . 0  6C 2 .4053 - . 0 1 1 4 - . 1 2 6 9 - . 1 9 4 8
k * * .3081 . 0 6 5 2 . 3208 . 0332 . 1 237 - . 09 02
,3 081 * . 0 2 63 .4479 . 1 2 5 2 . 1 9 1 9 . 0 9 6 8
.0652 . 0 2 6 3 * * •* ★ * ★ * ★ . 2786 - .0 6 6 5 - . 1 1 3 9 - . 1 0 0 2
. 3208 . 4479 . 27 66 - . 1 1 1 7 - . 3 6 9 4 - . 6 0 9 3
,0 332 . 1 2 5 2 - . 0 6 6 5 - . 1 1 1 7 * . 6075 . 6 4 4 9
. 1287 .1 91 9 - . 1 1 3 9 - . 3 6 9 4 . 6 0 7 5 * ★ ***★*★ . 6 4 4 0
.0902 . 0 9 8 8 - . 1 0 0 2 - . 6 0 9 3 . 64 49 . 64 40  *
.0952 . 0777 - . 0 4 9 6 . 2 1 0 4 - . 0 9 4 5 - . 1 1 7 8 - . 2 7 4 6
.0 384 . 3 7 0 3 - . 1 2 0 5 - .1 6 0 3 . 47 47 . . 02 00 . 2342
. 03 99 . 29 23 . 28 27 . 4724 . 0844 . 3 8 6 4 . 1 0 7 9
. 06 79 . 070 5 . 1 3 22 . 18 19 - . 0 0 5 7 . 0600 - . 0 5 1 0
.3740 . 4509 - . 1 4 9 7 ‘- . 3 7 6 9 - . 2 4 5 8 - . 4 3 3 0 - . 4 3 5 5
.0443 - . 1 0 2 8 - . 2 5 6 7 . 09 73 . 3074 . 5446 -.  05 92
.1555 . 0589 - . 2 6 7 8 - . 5 4 7 8 . 041 9 . 07 89 . 32 03
.1041 - . 2 6 6 3 .0  648 .0619 -.  0627 - . 1 6 2 3 - . 2 7 3 2
.1324 - .0 0 9 0 - . 0 1 6 3 . 0837 - . 0 9 7 0 - .1  U 5 - . 1 0 1 9
. 0189 - . 1 1 6 7 - . 0 3 6 4 . 0 029 - . 1 4 2 2 - . 2 0 6 4 - . 2 5 6 0
. 47 68 . 0577 . 47 67 . 2639 . 1 1 6 9 . 0 0 6 0 - . 0 0 3 7
. 1543 - . 1 1 3 6 . 0 0 7  1 - . 3 6 0 0 - . 2 8 5 7 - . 3 0 6 7 - . 2 5 2 0
.2460 - . 3 2 5 8 - . 3 0 5 7 - . 5 1 6 8 - .1 841 - . 3 2 7 0 - .2 101
.0813 - .2 091 - .1 031 - . 0 0 1 7 - . 2 0 6 7 - . 2 4 7 6 - . 44 04
.0924 - . 0 2 7 5 . 1 4 0 2 - . 3 9 1 2 - .2 291 - . 3 0 2 7 - . 0 4 2 3
. 33 23 - . 3 6 2 8 - . 3 8 2 0 - . 5 8 7 9 - . 3 7 0 4 - . 2 6 9 8 - . 1 7 5 8
.1191 - . 1 7 6 9 - . 2 6 5 8 - . 0 9 5 4 - . 1 3 6 3 - .3 271 - . 2 9 0 9
.2145 - . 5 1 3 6 - . 1 2 6 9 - . 6 0 6 3 - . 4 9 3 0 - . 4 5 2 8 - .5472
.1410 . 2 8 4 4 .1 41 2 - .2 320 -. 1770 - . 2 2 6 4 - .1 771
. 3 4 7 8 .1 631 - .0 2 6 1 .2111 . 2 5 6 9 - . 5 7 7 4 - . 6 9 3 3
. 38 80 - .251  7 - . 5 1 3 7 - . 5 4 3 5 - . 4 3 7 3 . 5755 - . 0 1 2 0
. 1 6 8 9 - . 1 2 9 5 - . 2 9 0 5 - . 2 2 7 7 . 03 60 . 2739 - . 2 7 3 6
. 1 6 8 0 - . 2 1 3 5 - . 0 1 4 6 . 2439 - . 2 5 4 5 - . 2 7 5 2 - . 09 o6
. 05 46 .31 09 . 3467 .57 9  1 - . 4 5 9 4 - . 5 5 1 3 - . 6 9 0 0
. 0606 - . 1 1 9 7 .1 461 . 0 9 1 8 . 045 5 - . 0 2 6 4 .0891
. 10 52 - . 2 1 2 8 . 35 19 - .0 6 5 7 -. 1486 . 1 3 1 2 - . 1 5 6 6
. 3542 - .0 001 . 3634 . 1057 - . 3 2 0 0 . 0359 - . 1 4 1 9
. 6 8 8 0 - . 4 7 3 4 . 99 10 . 4253 . 0000 . 000 0 • COCO
. 0 0 0 0 . 0000 . 0 0 0 0 . 0 0 0 0 . 0000 . 00 00 . 0 0 0 0
. 0 0 0 0 . 0000 . 00 00 . 0 0 0 0 . 0000 . 0000 . 0 0 0 0
. 0000 . 0000 . 00 00 . 0000 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0
. 1662 - . 3 3 3 4 - . 1 2 3 8 .0161 - . 2 3 0 9 - . 2 9 1 6 - . 3 3 8 7
. 0029 . 5000 . 5000 . 9 7 0 7 . 99 34 . 0000 . 0 0 0 0
. 1026 . 0287 .1 697 - . 0 5 2 0 -. 0329 - . 4 9 9 9 - . 3 5 6 6
. 2360 - . 3 1 5 6 - . 4 7 6 4 . 0790 .09 33 - . 3 4 9 9 - . 3 2 2 0
330
SAMPLE MQTZ _  QMS s l f ” CHT LST FGST MDST ____MUSC
F M . 3 7 6 3 - . 0 8 5 7 - . 1 2 6 3 -. 0642 . 6 36 6” ' . 3 0 5 2 - . 1 2 4 3 - . 1 0 3 9
DEPTH - .4 6 9 1 . 0 9 0 6 - . 0 2 8 5 - .0 111 - . 4 7 8 4 - . 4 2 4 9 . 6 0 7 0 .1901
C OLOR - .0 48  0 - . 0 2 1 0 - . 4 8 9 1 - . 0 0 0 6 - . 5 8 4 7 - . 0 1 0 9 - . 14 56 . 0498
PACK - . 3 3 7 6 . 0250 . 3 2 7 6 . 0440 - . 2 5 3 6 - .252  1 . 0074 . 02 37
COMP - . 0 8  9 2” - . 0 1 3 7 . 2 7 4 7 . 1 449 - . 3 2 3 6 . 0 9 3 7 - . 0 1 9 6 - .1 0 2 2
___POROS - . 0 2 2 4 . 2 3 4 8 . 09 55 . 0 6 6 3 . 6 8 9 2 - . 0 4 3 4 . 3 1 5 9 - . 0 8 8 0
SHA PE . 0694 .1631 - . 0 7 3 7 . 1 1 6 5 .1 41 1 - . 1 6 3 9 - . 2 2 6 2 - . 0 0 6 7
MAX - . 0 3 8 8 . 4 6 5 9 . 2 0 6 8 . 1 5 9 0 . 3830 - . 2 5 3 1 . 0737 - . 1 8 4 8
MIN . 0952 - . 0 8 8 4 . 0399 - . 0 6 7 9 . 3 7 4 0 . 04 43 - .1555 - .1041
AV . 0 7 7 7 . 37 03 . 2 9 2 3 . 0705 . 4509 - . 1 0 2 8 . 0589 - . 2 6 6 3
SORT - . 0 4 9 6 - . 1 2 0 5 . 282 7 . 1 3 2 2 - . 1 4 9 7 - . 2 5 8 7 - . 2 6 7 8 . 06 48
G .2 1 0 4 - . 1 6 0 3 . 4 7 2 4 . 1 3 1 9 - . 3 7 6 9 . 0 9 7 3 - . 5 4 7 8 . 0 6 1 9
KFE LD - . 0 9 4 5 . 4 7 4 7 . 08 44 - . 0 0 5 7 - . 2 4 5 8 . 30 74 . 0419 - . 0 6 2 7
PL AG - . 1 1 7 8 . 02 00 . 3884 . 0600 - . 4 3 3 0 . 5 4 4 6 . 07 89 - . 1 6 2 3
V RF - . 2 7 4 6 . 2 3 4 2 . 1 0 7 9 - . 0 5 1 0 - . 4 3 5 5 - . 0 5 9 2 .32  03 - . 2 7 3 2
MQTZ* - . 0 4 0 9 . 1 2 4 6 - . 0 1 2 8 - . 1 9 0 6 . 6 9 3 9 - . 1 7 1 5 - .2 875
QMS - . 0 4 0 9 * r * * ★ ★ * ★ ★ .54 54 . 19 00 - . 4 1 6 2 - . 2 0 9 6 . 3 7 7 7 - . 0 5 9 9
S LT . 1 2 4 6 . 5 4 5 4 * . 3 3 7 5 - . 1 0 9 1 . 5 4 8 8 - . 4 6 0 2 - . 1 2 1 5
CHT - . 0 1 2 8 . 1 9 0 0 . 3 3 7 5 * * - . 1 9 4 3 . 2 0 7 7 . 1447 . 0 5 8 7
L ST - . 1 9 0 6 - . 4 1 6 2 - .1 091 - . 1 9 4 3 * * - . 1 7 1 0 . 00 00 - . 2 7 6 0
F G ST . 6 9 3 9 - . 2 0 9 6 . 5 4 8 8 .2 077 - . 1 7 1 0 - . 9 0 5 2 - . 2 6 4 6
MDST - . 1 7 1 5 . 3 7 7 7 - . 4 6 0 2 . 1447 . 0 0 0 0 - . 9 0 5 2 * .0863
MU SC - . 2 8 7 5 - . 0 5 9 9 - . 1 2 1 5 . 0 587 - . 2 7 6 0 - . 2 6 4 6 . 0863 *
61 GT . 6005 - . 0 5 6 9 - . 1 7 4 4 .0081 - . 2 3 6 7 . 84 40 . 5545 . 0 4 8 9 ’
C HL - . 1 2 1 6 - . 2 6 3 2 . 2093 . 0527 . 0 3 2 0 - . 1 5 3 6 . 2 4 0 3 .2813
E PD . 2371 - . 1 8 9 6 . 0 0 0 0 - . 2 4 9 6 . 0 0 0 0 . 0 0 0 0 . 0000 - . 2 9 6 9
G LAU - . 2 6 9 4 - .2 5 8 0 - . 2 8 6 0 - . 0 8 2 0 . 2800 . 01 01 . 0000 - . 2 3 0 6
T RN - . 1 6 9 0 - . 2 6 8 7 . 3943 - . 2 2 3 0 . 0 0 0 0 - . 3 7 3 4 . 0000 - . 2 0 0 5
P YT . 2283 - . 1 4 5 0 - . 2 2 6 6 - . 0 0 2 8 - . 3 0 9 7 . 23 41 - . 4 0 8 8 .2848
L NT - . 1 9 7 6 - . 5 5 3 8 - .781 7 - . 2 1 4 3 - . 2 0 8 6 - . 2 8 3 0 . 0 0 0 0 - . 1 8 5 8
CHS - . 7 2 0 0 . 0000 . 0 0 0 0 - .1 651 . 0 0 0 0 . 5908 . 00 00 - . 4 1 8 3
CM . 0831 . 29 90 - .3 981 - .0 5 7 0 - . 3 4 0 0 - . 1 3 5 9 - . 3 2 8 6 . 2995
z / s / s - . 2 1 9 6 - . 2 5 7 3 -. 3947 - . 2 8 2 6 - . 2 6 2 2 - . 3 2 9 6 -.  1434 .0041
H / L - . 2 1 6 5 .12 30 . 0000 - . 1 3 1 3 . 0 0 0 0 - . 5 3 1 8 . 0 0 0 0 - .0 3 0 8
C . 8400 . 94 03 . 0000 . 0326 . 00 00 . 0000 . 00 00 - . 3 2 1 6
MCT .0 3 7 3 - . 3 2 5 4 - . 5 2 4 2 - . 3 7 7 6 - .0 2 5 1 - . 0 5 4 3 . 0000 - . 1 2 2 3
MSP . 2991 - . 3 0 7 2 - . 2 5 2 3 -. 00 31 - . 1 0 5 6 . 21 98 . 0 0 0 0 - . 0 0 3 8
SP . 1 6 2 7 - . 3 0 6 2 . 3377 . 0435 - . 1 1 4 1 . 0 2 6 9 . 7 4 8 7 - .3 5 0 9
QOVG . 0045 - . 0 0 3 2 - . 7 1 4 8 - . 0 5 5 6 . 00 00 - . 2 6 4 2 . 0000 - . 0 1 3 7
S I  L . 0 0 4 6 - .0 1 3 8 . 0000 - . 1 0 4 6 . 0 0 0 0 - . 0 3 3 6 . 24 77 . 1877
CHL . 1 9 2 6 . 0698 . 0000 - . 4 0 4 6 . 0000 .0000 . 45 99 . 0849
2 . 3 4 2 0 - . 3 8 4 3 . 0000 . 4485 . 0000 . 0 0 0 0 . 32 94 .0350
I  NT RA . 0000 . 0000 . 0000 .00 00 - . 0 4 7 7 . 0000 . 00 00 .0000
PELET .  0000 . 00 00 . 0 0 0 0 .  0000 . 00 00 . 0 0 0 0 . 0000 .0000
0 0 I  D . 0000 . 0000 . 00 00 . 0000 . 0000 . 0 0 0 0 .  0000 . 00 00
PH OS .  0000 . 00 00 .  0000 . 00 00 . 0000 . 0000 . 00 00 .0000
HEMAT . 2011 . 2896 . 0 0 0 0 - .2 4 1 3 . 0000 . 1 3 3 2 . 0000 . 31 20
D CL .  0000 . 0 0 0 0 . 0 0 0 0 .  8709 - . 5 3 7 9 . 0 0 0 0 . 00 00 .0000
S ID . 8785 - . 3 4 8 0 - .0 3 9 3 . 05 31 - .2 8 5 5 . 7 1 4 0 .  0000 - . 2 8 5 4
L I  M . 8623 -.  2624 .  3993 - . 0041 - . 4 7 2 7 . 97 49 . 0 0 0 0 - .2895
BIOT ____ C H L _ E PD G L A U  _____TRN PYT LNT
. 1 7 0 4 - • 1 8 5 3 - . 0 2 5 2 - . 0 4 9 1 . 3 4 9 8 . 0 9 3 6 -. 2 1 9 3
- . 0 2 6 7 . 2 5 7 0 - . 9 0 6 1 . 0 6 8 0 - . 1 9 8 0 - . 0 7 8 8 . 4 1  01
. 0 3 5 3 - . 1 1 7 5 - . 3 4 9 0 -. 1 7 6 1 . 1 9 3 3 . 1 5 0 6 . 2 5 33
- . 3 1 8 4 . 0 2 8 7 . 0 8 8 9 . 3 1 3 0 - . 2 6 9 7 - . 1 6 5 1 - . 0 9 7 4
- . 1 2 8 5 - . 1 4 4 4 - . 1 2 7 3 . 2 7 3 8 - . 2 8 2 6 - . 0 7 9 3 - . 0 4 5 9
- . 0 5 7 8 - . 3 1 2 4 - . 1 2 7 8 . 0 7 2 7 - . 4 0 0 4 - . 1 9 2 5 - . 1 3 4 7
-. 0 1 9 0 - . 0 7 1 3 -, 0 3 0 4 . 0 2 6 4 - . 0 5 3 5 . 0 4 5 0 . 6 1 2 3
. 0 4 0 7 . 0 8 9 6 - . 0  26 8 - . 0 4 4 3 - . 1 9 4 0 - . 0 9 3 0 . 1 0 1 5
- . 1 3 2 4 - . 0 1  ¿9 . 4 7 c 8 - . 1 5 4 8 - . 2 4 6 0 - . 0 8 1 3 - . 0 9 2 4
- . 0 0 9 0 - . 1 1 8 7 . 0 577 - . 1 1 3 6 - . 3 2 5 8 - . 2 0 9 1 - . 0 2 7 5
- . 0 1 6 3 - . 0 3 8 4 . 4 7 5 7 . 0 0 7 1 - . 3 0 5 7 - . 1 0 3 1 . 1 4 0 2
. 0  8 3 7 . 0 0 2 9 . 2 6 3 9 - . 3 6 0 0 -. 5 1 8 8 - . 0 0 1 7 - . 3 9 1 2
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APPENDIX 2E. PETROLOGICAL DATA SUMMARY OF
PETROLOGICAL DATA FOP UNIT 1, PORT CAMP3 ELL AREA - 17
NU.MP£R OF AVERAGE OF STANDARD
VALUES INPUT VALUES D E V IA T IO
F* 4 * . 1 .OCC .000
D c P T H C i . 2C0Ç.567 1196.223
COLOR C i . 5.533 1.456
r  AC < C e . 2.00C .292
COMP C S .  ' 3 .375 .4£9
POROS C i . 1 .417 .493
ShAPE c e . 2.229 . 644
MAX 4£ . , 2 ’ 7 .411
WIN C i . . O C C • 74 1
AV C l . .177 .161
SORT C i . 1.456 . ’ 55
0 C l . 20.¿29 15.113
«FELD C i . 5.012 4.362
PLAG C i . .854 .637
VR F C i . 2 C . 922 26.534
MOT 2 C e . .1 22 .341
QMS C l . .559 .■M2
S LT e s  . .017 .115
CHT C b . .953 ,94P
LS T C S . .000 .001
FGST e s . .013 .767
MOST C e . .242 . ’ SO
F.USC C S . .879 .962
fclOT C S  . .4C£ .4ZS
CHL C S . 1.917 1.720
EPD C S . .006 .320
GLAU e s . .CC2 .015
TR N c i  . .OCO . 0 0 2
PYT C à . .069 .65?
LNT e s . . 0 0 0 . 0 0 0
CHS C S . . 000 .0 0 0
OM e s . 3.511 4.491
C/S/S c s . 27.156 34.358
H/L C S . .017 .063
C e s  • . 0 0 0 .000
MC T C S . .369 4.869
MSP C i . .321 1.342
SP c s . • 235 .746
GOVG C i . .042 .153
S I L ¿8 . .623 1.495
CHL C S . 2.917 3.522
Z C i . .367 1.017
I  NTRA e s . . 0 0 0 .000
PELET C e . . 000 .0 0 0
CO ID c s . . 0 0 0 . 0 0 0
PHOS C S . . 00 0 .0 0 0
h e m a t c e . .115 .370
DOL C i . .OCC .003
S ID C e  . .OCC . 0 00
L IM e t . .OOC . 0 0 0
THE OTWAY GROUP
O C T O s E R  1 9  £ 5
RANGE
MA X I  y UM M I N I M U M




4.000 3 . " 0 0
5 .000 1.000
3.5 0 £ 1 .500
2.500 .->20
.2 00 . 01 0
.700 .01 0
3 . 000 . 000
6 i  . 0 C 0 .900
U .O f ' c . "00
Z.4QC .000






.6 CO . 000
3.100 . 000
5 . OQo . 01 0
1 .700 .000














1 .200 . ooo








.00  u . ooo
. C C U • ooo
.000 . ooo
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APPENDIX 2F. PETROLOGICAL DATA SUMMARY
PETROLOGICAL DATA FOR SHER6R00K GROUP, POST CARPËELL
N U M P £ R OF AVERAGE 0 F STANDARD
VALUES INPUT VALUES 0 EV I  ATION
F M * 2 . 4 . 0 1 6 1 . 5 6 3
DEpTH 6 2 . 1 6 3 7 . 2 7 6 4 5 7 .  * 50
C 0109 6 2 . 6 . 6 0 2 2 . 9 6 2
PACK * 6 2 . 1 . 7 7 4 . 6 63
COMP 62 . 2 . 9 0 2 . 6 9 4
P OR OS 62 . 1 . 532 .= 24
SHAPE 6 2 . 2 . 2 2 7 . « 7 5
MAX 62 . . 3 73 . 9 74
MIN 6 2 . . 063 • T e i
AV 6 2 . . 2 3 7 . 25 7
SORT 62 . 1 . 7 7 4 . 5 7 6
Q 6 2 . 4 2 . 9 4 7 20 .9 00
KFELD 6 2 . 1 . 3 0 5 1 . 2 2 0
FLAG 6 2 . . 0 4 8 . 114
VRF 6 2 . . 5 4 3 2 . 0 4 0
MQTZ 62 . . 4 5 7 . . 9 29
QMS 6 2 . . 1 7 2 • 77 5
SLT 62 . . 2 8 7 . ?9 3
CHT 6 2 . 1 . 1 8 7 1 . 6 5 2
LST 6 2 . . 0 4 7 .125
FGST 6 2 . . 1 4 7 . 4 3 9
MOST 62 . .0  85 . 37 6
MU S C 6 2 . . 5 9 8 .5 45
b lO T 6 2 . . 2 1 9 . 6 0 4
CHL 6 2 . 1 . 1 72 1 . 9 5 6
EPD 62 . . 0 0 2 .013
GLAU 6 2 . 1 . 6 6 5 5 . 0 6 1
TR N 6 2 . .01 9 . 058
PYT 6 2 . 1 . 0 8 2 1 . 5 6 4
LNT 6 2 . 1 . 2 93 7 . 7 0 3
CHS 62 . . 0 8 5 . 5 2 2
OM 6 2 . 3 . 9 9 7 4 . 5 3 3
c/s/s 62 . 3 4 . 5 8 6 3 3 . 5 0 8
H /L 62 . .001 .003
C 6 2 . . 0 5 5 . 2 7 7
MCT 62 . 2 . 8 1  5 9 . 6 16
MSP 6 2 . . 5 3 2 2 . 4 6  9
SP 62 . 1 . 3 6 6 5 . 0 1 3
GOV G 6 2 . . 512 1 .2 41
S I L 6 2 . . 3 2 5 .7 55
CHL 6 2 . .4 52 2 . 3 2 6
Z 6 2 . .eoo . 0 00
I  NT R A 6 2 . .011 . 0 8 9
P£LET 6 2 . .000 . 0 0 0
CO ID 6 2 . . 0 0 0 . 0 0 0
PH OS 6 2 . • OOC .000
h e m a t 6 2 . . 1 9 4 . 8 47
OOL 62 . . 1 0 8 .951
S ID 62 . 1 . 1 8 9 5 . 5 6 9
L I  M 62 . . 253 1 .156
OF THE SHERBROOK GROUP
AREA - 17 OCTOBER 1 9€S 
R A N 6 £
MAXIMUM MIN IMUM
0*000 2 . 0 0 0
7 5 6 3 * 6 0 0 5 6 2 . 0 0 0
1 1 *00u . 0 0 0
3 . 0 0 C 1 . 0 0 0
^ • 0 0 0 2 . 0 0  0
3 . 0  0 0 . 0 0 0
5 . 5 0 0 1 . 5 00
4 . 5 0 0 . 0 2 0
.400 . 001
1 . 00y . 003
3 . C 0 o . 0 0 0
S 9 • 00 u . 6 0 0
5 . 5 0 0 .000
. 6 0 0 . 000
1 5 . 7 0 0 . 0 0 0
5 . COO . ^ 0 0
¿ . 0 0 0 . 0 0 0
4 . 0 0 0 . 0 0 0
5 . 3 0 0 . 0 0 0
. 6 0 0 . 000
i . C O G . 0 0 0
¿ . 2 0 0 . 0 0 0
2 . 4 0 0 . 0 0 0
4 . 0 0 0 . 0 0 0
7 . 4 0 0 . 0 0 0
. 1 0 0 . 000
2 9 . 4 0 0 . 0 0 0
. 3 0 0 . 0 0 0
1 0 . 0 0 0 . 0 0 0
5 a . o o c . 0 0 0
4 . 0 0 0 . oco
1 7 . 3  0 0 . 0 0 0
9 2 . 0 0 0 . 0 0 0
.01 0 . 0 0 0
1 . 9 0 0 . 0 0 0
5 9 . 0 0 0 . 0 0 0
17 .000 . 0 0 0
3 0 . 0 0 0 .noo
¿ . 0 0 0 . 000
4 . OOC . 0 0 0
1 4 . 0 0 0 . 0 0 0
. 0 0 0 . 0 0 0
. 7 0 0 . 0 0 0
. 0 0 0 . 0 0 0
. 0 0 0 . 000
. 0 0 0 .noo
4 . 8 0 0 . no o
6 . 7 0 0 ' . 0 0 0
4 0 . 0 0 0 . 0 0 0
7 . 2 0 0 . 0 0 0
APPENDIX 2G. PETROLOGICAL
PETROLOGICAL DATA FO 
NUK9Z0 CF
VALLES
FM 7 9 .
DEPTH 2 9 .
COLOR 7 9 .
PACK 7 9 .
COM0 2 9 .
. P 1.ROS ’ 9 .
S h a p e 7 9 .
MAX £* •
MIN 7 9 .
AV 7 9 .
SORT 7 9 .
9 7 9 .
KFELO 2 9  .
FLAG 2 9 .
VR F 7 9 .
MQT Z 2 9 .
QMS ’ 9 .
SLT ** 9 .
CHT 2 9 .
LST 2 9  .
FGST ’ 9 .
MOST 2 9 .
KUSC 2 9 .
E IOT 7 9  .
CHL 2 9 .
EPD 2 9 .
GLAU 2 9 .
TRN 2 9 .
PYT 2 9 .
LNT 2 9 .
CHS 2 9 .
CM 2 9 .
C/S/S 2 9 .
H/L 2 9 .
C 2 9 .
MCT 2 9 .
MSP 2 9 .
SP 2 9 .
GOVG 2 9 .
S I L 2 9 .
CHL 2 9 .
Z 2 9 .
INTRA 7 9 .
PELET 2 9 .
0 0 1 0 2 9 .
PHOS 2 9 .
HEMAT 2 9 .
DOL 2 9 .
S ID 2 9 .
L IM 2 9 .
W A n G E P R I P  G R O U P ,
A V E R  *G E OF 
I N P U T  V A L U E S
7 . 7 < ? 3
6 6 2 . 5 6 9
7 . 9 6 6
1 . 1  0 3  
2 . 4 8 2  
1 . 8 6 2
2 • ò 1 C 
. 2 5 0  
. 1 1 9  
. 2 5 1
1 . 1  7 2  
4 2 . 2 2 3  
1 . 5 2 1  
. 0 9 2  
. 1 2 2  
1 . 3 0 0  
. 2 4 9  
. 2 7 3  
1 . 0 9 7  .157 
. 5 0 4  
. 0 3 c  
. 6 9 1  
. 1 5 7  
. 1  9C .COC 
. 3 5 9  
. 2 3 9  
. 9 0 8  
1 . 5 3 1  
. 2 3 8  
3 . 5 5 5  
1 9 . 8 3 1  
2 . 4 5 2  
. 1 2 4  
1 0 . 4 9 3  
4 . 8 4 1  
. 5 3 8  
. 0 1 4  
. 0 2 1  .00C 
. 0 0 0  
.000 
. 0 0 0  
.000 
. 0 0 3  
. 4 6 9  
.000 
2 . 1 5 2  
1 . 7 3 1
DATA SUMMARY Of THE WANGERRIP GROUP
P O P T  C U 1 ° Ê E L L A R E A  - 1 7  O C T O E ¿ R  1 9 3 5
S T A N O  A P O R A N G ;
DEV IAT ION M A X  I M U r t M I N I M U M
. 4 1 2 o  . 0 0 u 7 . 0 0 0
3 1 0 . 6 6 2 1 C 1 7 . 1 0 c . '■'ÛO
2 . 6 3 9 1 1  . O O u 2 . 0 0 0
. 3 1 0 2 . 0 C 0 1 . 2 0 0
. 5 0 9 3 . 0 0 0 2 . 0 0 0
, 7 C 0 4  . C O c 1 . 0 0 0
. 6 0 4 4 . 5 C o 1 . 5 0 0
. 3 2 6 2 .  5 C 0 . -h o
. 3 6 3 2 . C 0 1» . * 1  0
. 3 0  3 1 . S C O . 0 1 0
. <*05 3 . O C u . O 0 0
2 7 . * 7 7 9 2 . Û C G . 6 0 0
' U t 4 . G 0  o . 0 0 3
. 3 7 5 2 . C C O . 0 0 0
. 3 4 0 1 . 5 0 0 . 0 0 0
2 . 3 7 1 1 1  . 0 0 0 . 0 0 0
. 3 2 7 4 . 3 C c . ^ 0 0
. S S O : . c o c . 0 0 0
1 . 2 6 0 5 . C C C - . 0 0 0
. 5 3 6 2 . 5 0 0 . 0 0 0
1 . 2 8 4 5 . 4 0 0 . 0 0 0
» 2 0  4 1 . 1 C Ù . 0 0 0
. 6 5 7 2 . 6 0 0 . oco
. 6 7 9 3 . 5 0 0 . 0 0 0
. 4 2 3 2  • C O O . 0 0 0
. 0 0 2 . 0 1  0 . 0 0 0
. 8 7 1 4 . 0 0 0 . 0 0 0
1 . 1 1 3 c.COO . 0 0 0
1 . 4 8 6 6 . 5 0 0 . 0 0 0
3 . 9 6 3 1 7 . 0 0 C . 0 0 0
. 7 2 9 3 . 2 0 Ü . 0 0 0
8 . 7 7 3 3 5 . 0 0 0 .oco
3 C . 4 5 3 9 2 . 0 0 0 .000
1 0 . 5 6 1 5 5 . 7 0 0 .000
.383 1 . 6 0 0 . 000
1 7 . 5 0 0 5 5 . 0 0 0 .000
9.085 3 3 . 0 0 0 .000
1 . 3 9 4 5 . 0 C C .000
. 0 7 4 • 4 0 C .000
. 1 1 1 .600 .000
.000 .000 .000
.000 . ooc .000
.000 .000 .000
.000 .000 . 000
.000 .000 .000
. 0 1 9 .100 .000
1.303 9 . 0 0 0 .000
.000 .000 .000
8 . 2 2 4 4 4 . 0 0 0 . ooo
5 . 3 1 1 28 .000 . 000
APPENDIX 2H. PETROLOGICAL DATA SUMMARY OF
PETROLOGICAL DATA FOR HEYTESSURY GROUP, PORT CAMPBELL
N U '19 E P OF AVERAGE OF STANDARD
VALUES INPUT VALUES DEVIAT ION
F M £ . 1 1 .000 .926
DcPTH 3 • 211 .262 243.3 13
C OLÛR 3. 2 .375 2 .5 32
PACK 1 .0 00 .000
COKP Ó • 2 .125 .641
Pu»0S c • 2.0OC 1 .969
S n 4 P E 3 . 3 . 000 .756
MA X c • .341 .745
r  i n - .069 .082
A V 8. .302 .315
SORT 3 • 1.250 .^07
Q 8 • 9 .437 1c. 56 2
KFELD c • .3 62 . 6 c 6
FLAG c • .001 .004
V R F c • .000 .900
F GTZ c • • 5 5 C 1.797
G,'S ; • .001 .004
. SLT 'C • .000 .000
CHT £ • . 051 .106
LST 2. 29.Ó25 25 .334
FGST 2 • .137 .350
f';DST 2 • .288 .813
y.usc £. .004 .005
oIOT 2 • .ooc .000
CHL <2 • .000 .000
EPD c . .000 .000
GLAU 2 . 1 .3 28 3 . 7 47
TR N 2 . .000 .000
py t a .289 .359
LNT 2. 1 .750 2.435
CHS 8 . .000 .000
ON 2. .189 .371
c / s / s £ . 5 .4 37 13 .6 77
H/L 2 • .001 .004
C 8 . .000 .000
PC T 3. 34 .8 50 27 .073
PSP 3 5.61 4 4 . 154
$P 8.* 8 .087 10 .651
LOVG 3 . .000 .000 .
S I L 8 . .000 .000
CHL 8 . .000 .000
Z 3. .000 .000
I i.TRA a 1.662 3.463
PCLtT 3 • .001 .004
CO ID 3. .001 .004
PHOS 2 . .000 .OGo
HEMAT 2. .000 .000
DOL 1 .750 1.339
SID o .625 1.763
LIM C t .250 .707
THE HEYTESBURY GROUP
R E A  - 1 ?  C C T O c E R  1 9 8 5  
R A N G E
M A X I M U M  M I N I M U M
12 .00 0




{ . 0 0  0
X .5 Co
2 . 0 0 0
■J
orvj•
.  7 0 v
3 .00 0
42 • O O w
2 .oco
.01 0





73 . 1 0 0




























5 . 0 0 0
2 .  000
10 .000 
. 0 0 0  
‘ 1 .000  
1 .000
1 . 0 0 0  
.000 
1 .500  
.030 
. 0 0 1  
.003 






































. 0 0 0
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APPENDIX 21. PETROLOGICAL DATA SUMMARY OF
P E T R O L O G I C A L  d a t a  FOP  U N I T  1 ,  P O R T  C A M P 3  E L L  A R E A
N U M P E P  OF A V E R A G E  OF S T A N D A R D
V A L U E S I N P U T  V A L U E S D E V I A T I O N
F m 4 c  . 1 . O C C . 0 0 0
D E P T H A S . 2 0 0 9 . 5 6 7 1 1 9 6 . 2 2 3
C O L O R 4 3  . 5 . 5 3 3 1 . 4 5 6
p AC < Ac  * 2 . 0 0 C .  2 9 2
COMP A 3 .  ' 3 . 3 7 5 • A c 9
P C R O S A 3 . 1 . 4 1  7 . 4 9  5
S h A P E AC . 2 . 2 2 9 . 6 4 4
MAX A 3  . . 3 ^ 7 . 4 1 1
M I N A 3 . • G 4 A . 1 4 1
A V A 3 . . 1 7 7 . 1 6 1
S O R T A 3 . 1 . 4 5 6 . 7 Ç R
0 A3  . 2 0 . 6 2 9 1 5 . 1 1 5
K F E L D A 3 . 5 . 0 1 3 4 . 3 6 2
P L A G A 3  . . 3 5 4 . 6 3 7
VR  F A 3 . 3 0 . 9 3 2 2 6 . 3 3 4
MQT Z 4 3 . . 1 5 2 . 3 4 1
QMS A 3 . . 5 5 9 , 7 1 ?
S L T A 8 . . 0 1  7 . 1 1 5
C H T 4 6 . . 9 5 3 . 9 4 ' R
L S T A S . . 0 0 0 . 0 0 1
F G S T A S . . 0 1 3 . 0 3 7
P D S T A S . . 2 4 2 . 7 e o
F.USC AS . . 3 7 9 . 9 6 2
b l O T A c . . 4 0 3 . 4 2 3
C H L A S . 1 . 9 1 7 1 . 7 2 0
E P D A 3  . • C C 6 . 0 2 0
G L A U A 3 . . 0 0 2 . 0 1 5
T R N A 3 . . 0 0 0 . 0 0 2
P Y T A d  . . 6 6 9 . 6 3 7
L N T A S . . 0 0 0 . 0 0 0
CHS A S . . 0 0 0 . 0 0 0
OM A 3 . 3 . 5 1 1 4 . 4 9 1
C / S / S A 3 . 2 7 . 1 5 6 3 4 . 3 8 3
H / L A S . . 0 1  7 . 0 3 3
C A d  . . 0 0 0 . 0 0 0
MCT A S . . 8 6 9 4 . 3 6 9
M SP A 3 . . 3 2 1 1 . 3 4 2
S P A S . . 2 3 5 . 7 4 6
GOV/G A S  . . 0 4 2 . 1 5 3
S I L 4 8 . . 6 2 3 1 . 4 9 5
C H L A 3 . 2 . 9 1 7 3 . 6 2 2
Z £ c • . 3 6 7 1 . 0 1 7
I  N T R  A A 3 . . 0 0 0 . 0 0 0
P t L E T A 3 . . 0 0 0 . 0 0 0
CO I D A S . . 0 0 0 . 0 0 0
P H O S A 3 . . 0 0 0 •  0 0 0
H £ M A T A S . . 1 1 5 . 3 7 0
DOL A d . .  0 Cc . 0 0 0
S I D A ô . . G C C . 0 0 0





1 .000 1 .000
3513 .700 . poo
3 .0 00 3 ,0 00
3.00Û 1 .000
4 .000 3. 000
2.000 1. 000
3.50C 1. 500
2 .500 .'>3 0
.200 . 01 0
.700 .01 0
3 .000 . 000
6 c . 0 C 0 .900
1 6 . 0  0 0 . 000
2 .400 .000





















32 .700 • 000
3.400 • 000
4.000 .000
1 .200 . 000
8.200 .000






1 .600 . 000
• 00u . 000
. 0 0 0 • noo
.000 . 000
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APPENDIX 2J. PETROLOGICAL DATA SUMMARY Oí THE WAARRE FORMATION.









F *1 17. 2 .000 .000 2 .0 00 2 .000
DEPTH 1 7 . 1995 .988 370.739 2562 .6 00 1520 .000
COLOR 17. , 4 .6 0 6 3.330 9 .0 00 .000
PACK , 17. 2 .1 76 .636 2 .000 1 .000
COMP 17. 3 .412 .507 4.00O 3 .0 00
POROS 17. 1 .¿24 • .300 3 .000 1 . 000
SHAPE 17. 3 • 0 o E .507 3 • 5 Où 2 .5 00
MAX 17. 1 .229 1.393 4 .800 .050
MIN 1 7 . ■ .055 .043 .200 . "1  0
A V 17. . 2 p9 .274 T.OOc . 020
SORT ’ 7. 1 .222 .92? 3.000 .000
Q 17. 5J.941 35.459 39 .000 .600
KF5LD 17. 1 .025 1.067 3 .800 .000
PLAG 17. .078 .129 • 4 0 u . 000
VRF 17. .206 .325 1 .eoo .000
MQTZ 1 7. .330 . .619 2 . 3 00 . 000
QMS 17. .252 .437 1 .400 .000
SLT 17. .235 .970 4 .0 00 . 000
CHT 17. 1 .559 2.717 8 .300 .000
LST 17. .012 • 0 4 Q .200 .000
FGST 17. .089 .354 1 .OOu .ceo
MOST 17. .000 .000 .000 .000
MU SC 17. .654 .391 1.300 .01 0
EIOT 17. .088 .246 1 .000 .000
CHL 17. .115 . 256 1.000 .000
EPD 17. .Occ .000 .000 .000
GLAU 17. .106 .383 1.600 . 000
TRN 17. .002 .004 .010 . 000
PYT 17. 1 .201 2. 382 10 .000 .000
LNT 17. . 001 .002 .010 . 000
CHS 1 7 . .000 .000 .000 .000
OM 17. 5 . 354 5 .6 22 1 5 . 600 . 000
C/S/S 17. 32 .553 35.526 86 .6 00 .000
H/L 17. .001 .003 .010 .000
C 17. .059 . 243 1 .000 .000
MCT 17. 2 .135 7 .759 32.000 .000
MSP 17. .065 . 267 1.100 .000
S° 17. .194 .594 2.300 .eoo
GOVG 17. 1 .271 2.036 3 . OOU .000
S IL 17. .701 .363 2. 000 . 000
CHL 17. .024  ' .097 .400 .000
Z 17. .COO .000 .000 . 000
I  n t r a 17. .000 .000 .000 .000
PSLET 17. • ooc .000 .000 . 000
C O I D 17. .000 . .000 .000 .000
PH os 17. .000 .000 .000 .000
HEMAT 17. .365 1.125 4 .600 .eoo
DOL 17. .000 .000 .000 . eoo
s i o 17. .259 .«20 2.300 .000
l i m 17. .147 .606 2.50o . ooo
APPENDIX 2K. PETROLOGICAL DATA SUMMARY OR
PETROLOGICAL DATA FOP UNIT 3, PORT CAMPBELL AREA -
NUMB E P OF AVERAGE OF STANDARD
VALUES INPUT VALUES DEVIAT ION
F * 8. 3 .000 .000
DEPTH 8. 2 G4 0 . 437 375.554
C CLOP 8 . 8 .375 1.685
PACK c • 1.5C0 .535
COMP 8. 2 . SCO .535
PCRGS a. 1 .125 .354
Sh a p e 8. 2 .375 1.453
max 8 • 1 .169 .573
MI'I 2 . .049 .051
AV w • .190 .197
SORT 2 . .750 .386
Q 8. 21 .275 15.141
KFELD 3 . .951 .906
PLAG ; . .112 .710
VR F c • 1 .087 1.006
KQTZ c « .250 . 346
QMS £ . .114 .747
SLT 8 . .337 .684
ChT 8. 1 .975 2.157
LST 2. .051 .106
FGST . 8. .162 .245
MOST 8. .275 .773
hUSC 0w • .490 .554
E IOT 8. .652 1.330
CHL 8. 4 .175 2.987
EPD 2. .000 .000
6LAU 8. 1 .600 1 .996
TRN 8. .000 .000
PYT 8. 1 .662 1 .072
LNT 8. 7 .250 20 .506
CHS 3 . .62 5 1 . 403
OM 8. 1 .312 3 .469
c / s / s 8. 33 .3 00 32 .092
H/L 8. .001 .004
C a . .000 .000
MC T 2 « 10 .150 2C.985
MSP 8. 1 .812 3.196
SP 8. .612 1.470
QOVG 8. .038 .106
S I L 8 . .001 .004
CHL 8. 1 .750 4.950
Z 8. .000 .000
INTRA 8 • .088 .247
PELET 8. .000 .000
00 ID 8. .000 .000
PHOS 8. .000 .000
HEMAT 8. .075 .212
DOL 8. .000 .000
S 10 8. 5 . 362 14 .005
LIM 8. 1 .1 30 2 .543
TH E IL A X M A N S ï O R M A T ION
17 OC TOÖ ER 1985
RANGE
MAX IMUM MINIMUM
3*000 3 .0 00
246Ô.20C 1492 .3 00
10 .0 00 5 .000
2 . C00 1 .oo'o
3 .000 2 . 0 00
2 .000 1 . 000
5.50o 1 .500
1 .7 0 0 .300
.15o .010
.500 . 020
2 .0 00 .000
42 .0 00 2 .2 00
2 . 5  Oy .neo
.6 0 0 . noo
3 .0 00 .000
.700 . 000
.700 .000






4 .0 00 .000
7 .4 00 .000
.000 . 000
5 .800 .000
.000 . 0 0 0
3 .3 00 .000
58 .000 .000
4 .0 00 • 0 0 0
10 .000 . 0 0 0
86 .1 00 . 0 0 0
.01 u .000
.000 .000
59 .0 00 .000
8 .5 00 .000
4 .2 00 . 000
.300 .000
.01 0 . 000






.600 . 0 0 0
.000 . 0 0 0
4 0 . 0 0 0 . 0 0 0
7 .200 . eoo
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APPENDIX 2L• PETROLOGICAL DATA SUMMARY
PETROLOGICAL DATA FOR UN IT  A,  PORT CAMPBELL AREA
n u m b e r  O F . A V E R A G E  OF S T A N D A R D
V A L U E S I N P U T  V A L U E S D E V I A T I O
F M 9 . 4 . 0 0 0 . 0 0 0
D E P T H 9 . 1 7 5 0 . 3 6 7 3 4 0 . 1 3 2
C O L OP 9 . 7 . 8 8 9 2 / 0 3 3
P A C K 9 . 2 . 1 1 1 . 7 8 2
COMP 9 . 3 . 2 2 2  • . 8 3 3
PO ROS 9 . . 4 4 4 . 5 2 7
S H A P E 9 . 2 . 3 3 3 . 5 0 0
MAX 9 . . 3 9 7 . 3 6 7
M I N 9 . . 0 3 3 . 0 6 3
AV 9 . . 0 ? 1 . 1 5 3
S O R T 9 . 1 . 8 8 9 . 3 3 3
0 9 . 1 0 . 3 2 2 2 0 . 9 2 1
K F E L O 9 . . 2 1 1 . 3 7 2
P L A G 9 . . 0 0 1 . 0 0 3
V R F 9 . . 0 3 3 . 0 7 1
MQT 2 9 . . 1 2 3 . 3 3 0
QMS 9 . . 0 2 3 . 0 6 6
S L T 9 . . 1 2 2 . 3 3 1 -
CHT 9 . . 1  0 0 . 1 8 0
L S T 9 . . 0 8 9 . 1 1 7
F G S T 9 . . 0 5 6 . 1 3 3
M OS T 9 . . 1 5 6 . 4 6 7
MU SC 9 . . 2 7 9 . 3 2 6
E I O T 9 . . 1 5 8 . 4 6 6
C H L 9 . . 5 0 0 . 6 9 ?
E PD 9 . . 0 0 0 . 0 0 0  '
G L A U 9 . 9 . 2 0 0 1 0 . 7 1 2
T R N 9 . . 0 0 1 . 0 0 3
P Y T . 9 .  . . 8 4 6 . 9 4 6
L N T 9 . . 1 1 1 . 3 3 3
CHS 9 . ‘ ' • 0 0 0 . 0 0 0
O r 9 . 2 . 7 7 8 1 . 6 2 1
C / S / S ' 9 . 7 4 . 0 7 8 2 3 . 1 1 8
H / L 9 . . 0 0 0 . 0 0 0
C 9 . . 0 0 0 . 0 0 0
MCT 9 . . 0 0 0 . 0 0 0
MSP 9 . . 0 0 0 . 0 0 0
SP 9 . . 1 1 1 . 3 3 3
COVG 9 . . 0 0 0 . 0 0 0
S I L 9 . . 0 0 0 . 0 0 0
C H L 9 . . 0 0 0 . 0 0 0
Z • 9 . . 0 0 0 . 0 0 0
.1 NT R A 9 . . 0 0 0 . 0 0 0
P E L E T 9 . . 0 0 0 . 0 0 0
. C O I D 9 . . 0 0 0 . 0 0 0
J PH OS 9 . . 0 0 0 , . 0 0 0
h e m a t 9 . . 0 0 0 . 0 0 0
: D OL 9 . . 0 0 0 . 0 0 0
' S I D 9 . : . 1 0 0 . 2 6 5
' L I M 9 . . 0 0 0 . 0 0 0








4.00C 2 .0 00










































.00 0 ' .000.800 ; /• 000
.000 .000
APPENDIX 2M. PETROLOGICAL DATA SUMMARY
PETROLOGICAL DATA FOR UNIT 5, PORT CAMPBELL AREA
N U M P E P  OF A V E R A G E  OF S T A N O A R D
V A L U E S I N P U T  V A L U E S D E V I  A T I  ON
F h 1 2 . 5 . 0 0 0 . 0 0 0
D E P T H 1 2  . 1 A A A . 9 6 2 1 4 7 . 7 c 1
C O L O R 1 2 . c . 0  7 7 2 . 3 c 7
P A C K 1 3 . 1 . 0 1  5 . 5 0 6
COMP 1 3 . , ■ 2 . A 6 2 . 5 1 9
P OR OS , 1 3 . 1 . 6 9 2 , 6 3 0
S h A P  F 1 3 . 2 . 7 2 1 1 . 1 1 2
MAX 1 3 . . 5 Q9 . 5 9 7
M I N 1 : . . 0 2 2 . 1 0 4
AV 1 2 . . 2 2 8 . 2 2  s
S O R T 1 3 . 2 . 0 0 0 . 9 1  7
0 1 3 . A 7 . 3  *  5 2 2 • •  1 7
< F 6 LO 1 2 . 1 . 9 7 7 , 9 A A
P L A G 1 3 . • 0 4 8 « 0 9 6
V R F 1 3 . 1 . 3 6 2 A .  3 1 6
M Q T Z 1 3 . . 3 6 9 . 4 7 1
QMS 1 3 . . 0 7 0 . 1 3 ’’
S L T 1 3 . . 2 3 c . 4 7 e
C HT 1 3 . . 7 0 2 . 7 19
L S T 1 2 . . 1 1 6 . 2 2 3
F G S T 1 3 . . 0 2 3 , 0  4 4
M D S T 1 3 . . QCG . 0 0 0
MU SC 1 3 . . 6 7 0 . 5 6 5
E I O T 13. .193 . .396
CHL 13. 1 .938 1.975
EPD 13. .008 .0 22
CLAU 13. .416 .350
TR N 13. .077 .109
PYT 13. 1 .0 AO 1. 380
LNT 13. 1 .587 5.242
CHS 13. .023 .083
OM 13. A . A 8 5 5 .064
C/S/S 13. 28 .246 28.997
H/L 13. .001 .003
C 13. .1 A6 .527
MC T 13. 1 .985 6 .AS R
MSP 1 3 . 1 .438 4.599
SR 13. . 7C5 1 .523
UOVG 13. .129 .301
S I L 13. .185 .45 0
CHL 13. 1 .0 46 3.321
Z 13. .000 .000
I  NTR A 13. .000 .000
PELET 13. .000 .000
COIO 13. .000 .000
PHOS 13. .000 .000
HEMAT 13. .000 .000
DOL 13. .515 1.353
SID 13. 1 .305 5.134
L I M 13. .731 1.233
















2 .3 00 
.2 0 u
15 .7 001 .3 0 j
.400
1 .500
2 • 4 0 u 
.600 
.10o 




. 1 0 0












1 . 0 0 0  
1 . 2 0 0













1 . 0 0 0
2. 000  
1 . oco 
1 . c do
. n20 
. 0 0 5  







































APPENDIX 2N. PETROLOGICAL DATA SUMMARY
PETROLOGICAL DATA FOR UNIT 6, PORT CAMP=£LL ARE*
NUM°E® OF AVERAGE OF STANDARD
VALUES INPUT VALUES DEVIATION
F M 15. 6 . 0 0 0 . 1 0 0
DEPTH 1 5 . 1116 .713 137.131
C QLOR 15. 5 .367 2.5i>0
PACK 1 5 . 1 .400 • 5 0  7
comp 15. 2 .733 .594
PCROS 15. 1 .933 .704
S h AP E 15. 2 .5 67 .799
WAX 1 5 . . 336 .9 7 4
MIN 1 5 . .1 01 • .10 4
AV 1 5 . .303 .291
SORT 1 5 . 1 .933 .704
0 15. 6 C. 5 53 24 .13 *
KFE LD 1 5 . 1 .537 1 . 4 c *
PLAG 1 5. .003 .9 26
VR F 1 5 . .253 .593
MOTZ 15. .937 1.605
GMS 15. .257 .545
SLT 1 5 . .4 60 1.975
ChT 13. 1 .413 1.529
LS T 15. .OCQ . 0 0 0
FGST 15. .367 .506
MD S T 15. .113 .327
MUSC 1 3 . .721 . 750
a IOT 1 5 . .1*34 .421
CHL 1 5 . .507 .323
EPD 15. . 0 0 0 .900
GLAU 1 5 . .027 .070
T R N 1 5 . .008 . 1 2 5
PYT 1 5 . .31 5 1 .966
LNT 15. .033 .129
CHS 1 5 . . 0 0 0 . 0 0 0
OM 15. 3 .933 4.24  9
C/S/S 15. 19 .375 24.300
H/L 1 5 . . 0 0 1 .003
C 15. .033 .129
MC T 1 5 . 2.080 6.341
MSP 15. . 1 2 0 .369
SP 15. 4.42C 9.619
COV G 15. .533 .573
S I L 15. .337 1 .049
CHL 15. . 0 0 0 . I C O
Z 1 5 . . 0 0 0 . 0 0 0
I \TR A 1 5 . . 0 0 0 .900
Pc LET 15. . 0 0 0 . 0 0 0
0 0 1 D 1 5 . . 0 0 0 . 0 0 0
PHOS 15. . 0 0 0 . 0 0 0
HEMAT 15. .347 1.236
DOL 15. .GOG .oco
S 1 0 1 5 . .067 .358
LIM 15. .047 .151
OF THE OURDIES FORMATION
17 OCTOBER 19S5
RANGE
M A X I M U M  M I N I M U M
ó • 0 0 c 
1 * 1  4 . 6 0 0  
1 0 . 0 Q J  
2 . 0 0 0
4 . 0 0 0
3 . 0 0 0  
3 . 5  0 U
4 . 0 0 0  
. 3  OC
1 . O O ü  
3 . 0 0 c
3 6 . 0 0 0
3 . 5 0 0
.1 oc
2 . 1 0 0
5 . 0 0 0  
2 . G O O
4 . 0  0 U
5 . 2 0 0
•' .000
3 .0 00  
1 . 5 0 o
2 . 4 0 0  
1 . 6 0 0  




3 . 4 0 0  
. 5 0 0  
.000
1 5  . 7 0 0
7 3 . 0 0 0  
. 0 1  0 
. 5 0 0
2 4 . 0 0 0  
1 . 4 0 0
3 0 . 0 0 0
2 . 4 0 0
4 . 0 0 0  
. 0 0 0  
. 0 0 0  
. 0 0 0  
. 0 0 0  
. 0 0 0  
.000
4 . eoo 
.000
1 . 0 0 0
. 7 0 0
6.000
862 .0 00
3 .0 00  
1.OC0
2 . 0 00  
1 . 000 
1 .5 00
. 1 2 0  .020 
. . 0 5 0
1 .OCO 
5 . 4 0 0  
. 1 0 0  
.  0 0  0 
.  0 0 0  
.  0 0 0  
.000 
.  0 0 0  
.000 
.  0 0 0  
.000 
.  0 0 0  
. 0 1  0 




. 0 0 0  
.000 . ooo 
.000 
.  0 0 0  
.000 
.  0 0 0  
.  ooo . ooo 
.000 . ooo 
. 0 0 0  
.  ooo 
. 0 0 0  
.000  . ooo 
. 0 0 0  
.  ooo 
. 0 0 0  .000 
.000 
. 0 0 0  
. 0 0 0
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APPENDIX 20. PETROLOGICAL DATA SUMMARY OF THE PEBBLE POINT FORMATION
PETROLOGICAL DATA FOR UNIT 7, PORT CAMPBELL AREA - 17 OCTCEER 1955
NUM5EP OF AVERAGE OF STANDARD RANGE
V ALU E j INPUT VALUES DEVIATION MAX I MU« MINIMUM
F" 6. 7. 000 .000 7.000 7.000
DEPTH 6 . 757 .133 387.544 1 G1 7.100 .000
COLOR 6. 7 .667 3.445 1 1 .oco 3. 000
F®CK c . 1 . ooc .000 1.000 1 .000
COF.P 6. 2.CG0 .000 2 .OC C 2.000
° cR OS 6. 2.50C 1.049 4.000 1 .000
ShAPE t . 3 .000 1.049 4.5 C 0 1 .500
MAX 6 . 1 .950 1.045 3.5 0 G ' .800
M I N 6.. .365 .301 2 . 0 0 \j . "2 0
A V c . .500 .506 1.500 .100
SORT ó . .667 .8 16 2 .000 . ooo
C 6. 5 5 .4P3 20.739 37 .500 ¿7 .000
K F E LD Ó. 2 .267 1 . " 61 4 .0  0 u . 800
FLAG 6 . .003 .005 . 01 0 .000
VR F 6. • 0 1 6 .040 • 1 0 u . OCO
NGTZ 6. .¿33 .627 1.300 • 7 00
G. Ŝ 6. .335 1.^20 4.30  j . 000
SLT 6. .133 . 780 . 7 C o .000
CHT 6 . .633 .69 1 2 .0  0 v . 000
LST c • .002 .OOC • . 01 o .000
FGST Ó. .067 .103 .200 . 000
MOST Ó. .153 .449 1 . 1 Ou .000
MU SC Ó . .550 .509 1 .300 .100
cIOT 6. .01 7 .041 .10Q .000
CHL Ó. .173 . 242 .600 . 000
EPD 6. .COC .000 .000 • 000
GLAU 6. .OOC .000 .000 . ooo
TRN 6. .000 .000 .000 .000
PYT 6. .383 .440 1 .000 . ooo
L NT 6. 3 .367 6.300 1 7.00'U .000
CHS 6. .900 1 .773 3 .2 00 .000
OM Ó. 7.100 13 .769 35 .000 .000
C/S/S 6. 21 .950 16 .146 37 .0 0 0 5 .3 00
H/L 6. 2 .318 5.674 13 .9 00 .000
C 6. .600 .693 1 .600 .000
MCT 6 . .833 2.041 5.000 .000
MSP 6. .000 .000 .000 . ooo
SP Ó. .000 .000 .000 . ooo
GO V G 6. .067 .163 ' .4CG .000
S I L 6. .100 . 245 .600 .ooo
CHL 6 • .000 .000 .000 .000
Z 6 « .000 .000 .00 0 .000
I  M R  A 6 . .000 .000 .00 0 .000
PELET 6. .000 .000 • oco .000
GO ID 6. .000 .000 .000 .000
PHOS ó . .000 .000 • .000 .000
HtKAT 6. .000 .000 . .000 .ooo
DOL 6. .000 .000 .000 .000
SID 6. 1 .400 3. 237 8.000 .000
LIM é . .000 .000 .000 .000
APPENDIX 2P• PETROLOGICAL DATA SUMMARY
PETROLOGICAL DATA FOR UNIT  8,  PORT CAMpBELL AREA - 17
NUMBER OF AVERAGE OF s t a n d a r d
VALUES INPUT VALUES DEVIAT ION
F M 22 . 8 . 000 .000
DEPTH ?3 . 639 .1  61 292.7 25
COLOR ? 3 • 8 .0 43 2 .477
PACK 23. 1 .130 .344
COMP 23 . 2 . 6 0 9 .499
PGROS 22. , 1 . 6 9 6 .635
SHAPE 23 . 2 .761 .449
MAX 23. • 5c3 • 4 5 ?
M I N 23. .0 35 .073
AV 2 2. .186 .196
SORT 22. 1 . 3 04 .765
Q 22. 4 0 . 0 2 0 28 .429
K F E L D 22. 1 .3 40 .373
FLAG ? 2. .115 • 4 2 0
VR F 23. . 149 • 77 3 •
HOTZ 7 2 . 1 .661 2.633
QMS 22. . 0 *3 . 24 2
SLT 22. .31 C .636
C H T 22 . 1 .2 05 1 .36?
LST 23. .107 .593
FGST 23 . .6 19 1.425
KDST 23. .000 .OGO
KU S C 22. .728 .696
BIOT 22. .231 .759
CHL 23. .205 .467
EPD 22. .000 .0 02
GLAU 22. .453 .960
TRN 22. .301 1.254
PYT 23. 1 . 0 44 1 .635
LNT 22 . 1 .052 2.393
CHS 23. .066 .312
OM 23 . 2 . 62  0 7 .1 10
C/S/S 23. 19 . 2 7 9 33 .465
H / L 23 . 2 .4 87 11 .503
C 23. • 000 .000
MCT 23. 13 .0 13 18 .383
MSP 23. 6.1 04 10 .901
SP 7 3. .679 1.540
GOV G 22. .000 .OCO
S I L 23. .000 .OCO
CHL 23. .000 .000
Z 23. .000 .000
I  NT R A 23 . .0 00 .000
PELET 23. .000 .0 0 0
0 0 1D 22 . .0 00 .000
PHOS 23. .004 .021
H E M A T 23. .592 2.015
DOL 23. .000 .000
SID 23. 2 . 3 4 8 9 .133
LIM 23. 2.1 83 6 .477
OF THE DYLWIN îORMATION
OCTOBER 1935
RANG E
MAX IMUM MIN IMUM
8 .0 00 8 . 0 0 0
9 5 9 . S00 .000
11 .000 2 . 0 0 0
2 .0 00 1 . 000
3 .0 00 2 . 0 0 0
3 .0 00 1 . 0 00
3 .5 00 2..500
1 .500 . 040
.250 .01 0
• 6 Co .01 0
3 . 0 0 0 .000
92 .000 • 600
3 .300 . 000
2 . 0C 0 .000
1 .500 .000
11 .000 .000
1 .000 . 000
2 .000 . 000
5 .000 . 000
c . 5 0 u .000
5 .400 . 000
.000 .000
2 .600 .000
3 .5 00 .000
2 .0 00 . 000
. 01  o .0 00
4 .0 00 . 000
6 .0 00 .000
6 . 5 00 . 000
11 .500 .000
1 .500 .000
3 2 .7 0 0 .000
93 . 0 0 0 . 000
55 .700 .000
.000 .000
55 .0 00 .000










9 .000 • 000
.000 .000
44 .00 0 .000
2 o • 00 0 . 000
APPENDIX 2Q• PETROLOGICAL DATA SUMMARY
PETROLOGICAL DATA FOR UNIT 9, PORT CAMPBELL A RE 4 - 17
NU MB E 0 O F  A V E R A G E  OF S T A N D A R D
V A L U E S  I N P U T  V A L U E S  D E V I A T I O N
F M 1 . 9.000 . 0 0 0
DEPTH 1 . .000 .000
COLOR 1 . 11 .000 . ICO
PACK 1 . 1 . OC0 .000
COMP 1 . 2.0CC .000
POROS 1 . 4.000 .000
SHAPE 1 . 2.500 . 0 0 0
M A X 1 . .200 .00 0
MIN 1 . .050 .ICO
AV 1 . .150 .OCO
SORT 1 . 2.000 . 0 0 0
0 1 . 62 .600 .000
KFELD 1 . 2 . 3 OC .OCO
P L A G 1 . . ¿00 .000
VRF 1 . .100 .000
KQTZ 1 . . 0 0 0 . 0 0 0
QMS 1 . 1 .200 .00 0
SLT 1 . . 0 0 0 .000
CHT 1 . 1 . 7 0 c • 0 0 0
LST 1 . . 0 0 c .000
FGST 1 . .300 .000
MDST 1 . .OOG .000
MU SC 1 . 1 .OCO .000
cIOT 1 . • 30C .000
CHL 1 . .010 .000
EPD 1 . . 01 c .000
GLAU 1 . .000 .000
TRN 1 . .OCO .000
PYT 1 . 2.200 .000
LNT 1 . .000 .000
CHS 1 . .000 .000
OM 1 . 3.000 .003
c / s / s 1 . 17.000 .000
H/L 1 . 7.00C .000
C 1 . .300 .000
MCT 1 . .000 .000
MSP 1 . .000 .000
SP 1 . .000 .000
QOVG 1 . .000 .000
S I L 1 . .000 .000
CHL 1 . .000 .000
Z 1 . .000 .000
I NT RA 1 . .000 .000
PELET 1 . .000 .000
OOID 1 . .000 .000
PHOS 1 . .000 .000
HEMAT 1 . • OCO . .000
D O L 1 . .000 .000
S I D 1 . . 0 0 0 .000
L I M 1 . . 0 0 0 .000
OF THE MEPUNGA FORMATION
OCTOBER 1985
RANGEMAX IMUM MINIMUM
9.000 9.000.000 .00011.00« 11.0001 .000 1 .0002.000 2.000A.000 A.0002.5CO 2.500.200 .’00.05« .050.15« .1502.000 2.00062.600 62.6002.3 0 v/ 2.3C0,iOu . “00.10« .100• 00 « . 0001 .20« 1.200.00« . 0001.700 1.700.COO . 000.000 .000.00« .0001.000 1 .000.300 .T00.01 o .01 0.010 .010• 00« . 000.000 .0002.20« 2.200.000 .000.00« . 0003.000 3.00017.000 17.0007.000 7.000• 80« .300.00« .000.000 .000.000 .000.00« .000.000 .000.000 .000.coo .000.000 .000.000 .000.000 .000.000 . 000.000 .000.000 .000.00« .000.000 . 000
346
PETROLOGICAL DATA FOR UNIT 10,  PORT CAMPBELL AREA - 17
APPENDIX 2R. PETROLOGICAL DATA SUMMARY OF THE
N U M E E P OF AVERAGE OF STANCA RD
VALUES INPUT VALUES DEVIAT ION
F M 3. 1 0 . COO . 0 0 0
DEPTH 3. 271 .833 239.141
C OLOR ■»• 9 4 .3 33 4.04  1
PACK 3 . 1 .OOC .000
COMP 3. 2 .3 33 1.15 5
PGROS 3 • 2 .333 .577
SHAPE 3; 3 . 167 .57?
MAX 3 . 1 .233 .551
MIN «S • .03 0 .017-
AV 7« • .353 .120
SORT 3. 1 .000 .000
Q 3. 16 .933 26 .905
Kf ELD 2 § .667 1.155
FLAG 3. .003 • .006
VRF ■*m* 0 .000 . 0 0 0
is. Q T Z 3. 1 .333 2.309
QMS 3. .003 .006
SLT 3. .OOC .000
C H T 7_ • . 0 0 0 .00 0
LST 3. 24 .C33 20 .964
FGST 3. .333 .577
KOST 3. .000 .000
MU SC 3. .007 .006
£ IOT 7w* 0 .000 .000
CHL 3. .000 .000
EPD 3 • .000 .000
GLAU 3. 3 .5 37 6 .1 17
TRN 3. .000 .000
PYT .3. .133 .231
LNT 7•» • 2. 000 2.646
CHS 3. .000 .000
CM 3. .333 .577
c / s / s 3 . .667 1.155
H/L 3. .003 .006
C 3, . ooo .000
MC T 3. 30 .3 67 34 .195
MSP 2. 6 .503 6 .759
sp 3. 11 .833 15 .2 18
QOVG 3. .COC .000
S I L 3. .000 .000
CHL 3. .000 .000
Z 3. .000 .000
I  NTRA 3 . .333 .577
PELET 3. .000 .000
CO ID 3. .000 .000
PHOS 3. .000 .000
HEMAT 3. .000 .000
DOL 3. .000 .000
SID 3. .000 .000
LIM 2. .000 .000
CLIFTON FORMATION
OCTOBER 1985
R A N  G l






3 .0 00  
3 .500 
1 .fcOw
• 0 5  u 
.5C0
1 . 0 0 «  
42 . CO0
2 .0  0 0 
.010 
.coo
4 . COO .01 0 
.OCu .000
42 .0 00
1 . 000.000 .01 0





1 . 0 0 0
2.000.010 .000 















.  noo 
2 . 0 0 0  *1 . 00 0 
1 .000  
2 . 0 0 0  
2 . 5 00  
.600  
. ^20  
• ?60 
1 .000  
1 .2 00  
. 000 
. 0 0 0  
. 000 








. 000 .000 .000 
.  ooo .000 
.000 
.000 
.  ooo 
.0 00  
.  ooo 
.000  
. ooo 










.000  .000 .000 .000 
.  ooo
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APPENDIX 2S• PETROLOGICAL DATA SUMMARY OF THE GELLIBRAND MARL
PETROLOGICAL DATA FOR UN IT  11 ,  PORT CAMPBELL AREA - 17 OCTOEER
NUKPc1» OF AVERAGE OF STANDARD RANGE
VALUES INPUT VALUES DEV IAT ION MAX IMU.M MINIMUM
F M 2. 1 1 . 0 0 0 .OOP 1 1 .OOo 1 1 . 0 0 0
DEPTH 2 . 1 3 7 . 3C0 1 9 4 . 1 7 2 2 7 4 . 6 0 0 .0 0 0
C CLOP n«. t 2 . 0 PC 1 .4 14 3 . 0 0 0 1 .noo
M C < 2. 1 . OOQ: .000 1 .OOu T . 000
COMP L. • 2 . 0 0 0 .000 2 . 0 0 0 2 . 0 0 0
PCROS 2., . 50 0 .7 07 1 .000 . OOP
S H « P E 
' ma x
*5 2.CCG .707 2 . 5 0 0  . 1 . 5 0 0
é. • . 165 .191 • . 30 0 . 030
MIN .01 5 .021 . 0 3 * .001
A V 2. .1 Cl . 1 3 ° • 20u . 007
SORT 2. 1 • ÛCC .00 0 1 .eoo 1 .00 0
0 2. 4 .5C0 2 . 5 3 6 7 .  COw 2 . 0 0 0
KF ELD 2 • • 20C . H  T .300 . 1 0 0
FLAG 2 • .0 0 0 .^06 . 0 0 * . 00 0
VF F 2. .CPO .0 0 0 . 0 C L .00 0
MiQTZ 2 . . 000 .00  0 .000 . 000
G MS 1 • ooc .000 .occ . 0 0 0
SLT 2. .0 00 .oco .000 . 0 0 0
C H T 7> . .2CC .141 .300 .1 oc
LST 2. 7.1  00 5 . 5 1 5 1 1  . eoo 3 . 2 0 0
FGST ■3 .050 .071 .100 . 000
MOST Ü .  000 .000 .000 . 0 0 0
MUSC 2. .005 .00 7 .0 10 . 0 0 0
t  IOT 2. .0 0 0 .00 0 .000 . 0 0 0
CHL 2 • . 000 .00  0 .000 . 000
EPD 2. .00 0 .00  0 .oco . 0 0 0
GL AU 2. .005 .0 0 7 .0 1 0 . 0 0 0
TR N 2 . .0 0 0 .0 0 0 .oco . 0 0 0
PYT 2. .700 .4 2 4 1 .000 . 4 0 0
LNT 2. .0 0 0 .0 0 0 .oco . 000
CHS 2. .OOC .00 0 .000 . 000
0« 2 . .2 50 .35 4 .500 . 0 0 0
C/S/S 2. 1 9 .6C0 2 7 . 7 1 9 3 9 . 2 0 0 . 000
H/L 2 . . 0 0 0 .00 0 . 0 0 o . 000
C 2 . .000 .000 .00 0 .0 0 0
MC T 2 . 5 7 . 1 5 0 1 0 . 5 9 7 7 0 . 2 0 0 4 4 . 0 0 0
MS 0 2 . 4 .1  CO 1 . 5 5 6 5 . 2 0 0 3 . 0 0 0
SP 2 . 1 .1  50 .2 1 2 1 .300 1 . 0 0 0
GOV G 2 . .000 .0 0 0 .OOC .  000
S I L 2. .0 0 0 .0 00 .000 .  000
CHL 2. .000 .0 00 .OCO . 0 0 0
Z 2 . .0 0 0 .00 0 .000 . 0 0 0
I  NT R A 2. .00 0 .000 . 0 0 0 . 0 0 0
PELET 2 . .0 0 0 .000 .000 .0 0 0
GO I  D 2 . .0 00 .000 .0 0 0 ■ . 0 0 0
PHOS 2. .0 0 0 .0 00 .00 0 .0 0 0
HEMAT 2 . • oco . 00 0 . 0 0 0 . 0 0 0
DOL 2 . 1 . 5 0 0 2 . 121 3 . 0 0 0 . 0 0 0
S ID 2 . 2 .50C 3 . 5 3 6 5 . 0 0 0 .0 00
L I M 2 . 1 . 000 1 . 4 1 4 2 .000 .  000
APPENDIX 2T. PETROLOGICAL DATA SUMMARY OF THE PORT CAMPBELL LIMESTONE
P E T R O L O G I C A L  D A T A  FOR  U N I T  12,  P O R T  C A M P B E L L  A R E A  -  17 O C T O B E R  1985
NUMBEP OF AVERAGE OF STANDARD RANGE
VALUES INPUT VALUES DEVIAT ION MAXIMUM MINIMUM
F * 2. 12 .000 .000 12 . 0 0 0 12 .000
DEPTH 3 . 2 0 0 . COO 346.410 6 0 0 . OCO .000
COLOR 3. 2.00C .^00 2 . 0 00 Z. COO
P4CK 3 . 1 .000 .00 0 1 .COO 1 . 0 0 0
COMP 3. 2.GC0 .oco 2 .000 ‘ 2 .0 00
PCROS 7 2. 667 .577 3 .000 2 . 0 00
ShAPE , 7w • 3.50C ,000 3 .5 00 3 . 5 0 0
max
7 • .90C .964 2 .0 00 .700
v . i r 7 • 1 62 .‘093 .200 .030
A V 2 . .383 . 234 ' .7 00 .150
SORT 7 1 .667 1.15 5 3 .OCo 1 .000
Q 3. 5 .233 ? .465 15 .00c .0 00
<FELD 3 . .167 . 269 .500 . 0 0 0
PLAG J • .00 0 .000 . 000 . 0 0 0
VRF 3. . c 0 c .000 .000 .000
f.GTZ 3. . 1 : 2 .115 .200 . 000
QMS 3. .000 .oco . 0  0  0 . 0 0 0
SLT 3 • .300 . 0 0 0 . 0 0 0 . 0 0 0
CHT 7 .003 . 0 0  6 . 0 1  0 . 0 0 0
LST 7 . 30.222 24 .1 37 73 .1 0 0 2 5 . 0 0 0
FGST 3. . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0
MD S T 3. .767 1.323 2 .3 00 . 0 0 0
MUSC 3. . 0 0 0 .000 . 0 0  0 . 0 0 0
bIGT 7 • occ . 0 0 0 . 0 0 0 . 0 0 0
CHL . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0
EPD 7J • .coo . 0 0 0 . 0 0 0 . 0 0 0
GLA'J 3. . 0 0 0 . 0 0 0 . 0 0 0 . Ooo
TRN • 7 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0
PYT 7 . r > c • 25 6 .500 . 0 0 0
LNT 7 ' 1 .667 2.867 5.0CC . 0 0 0
CHS 7 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0
QW 3. .003 .006 .010 . 0 0 0
C/S/S 3. .767 1.323 2 .3 00 . 000
H / L 3. .000 .000 .000 .000
C 3. .000 .000 .000 .000
MCT 7 24 .467 23 .105 5 0 .0 0 0 5 . 0 0 0
MSP 3. 5 .723 3.164 9 . 2 0 0 3.00Q
SP 3. 6 .967 9 . 7 5 ? 20 .000 1 .5 00
¿0 V G 3. .000 .000 .000 . 0 0 0
S I L 7 .000 .000 .000 .0 00
CHL 3. .000 . 0 0 0 .000 . 0 0 0
Z 3. .000 .000 .000 .000
INTRA 3. 4.1 CO 5 .237 10 .000 .000
PELET 3. .003 .006 .01 0 .0 00
GO ID 3. .003 .006 .01 0 . 0 0 0
FH OS 3. .000 .000 .000 . 0 0 0
HEMAT 3. .OCC .000 .000 .000
DOL 3. 1 .000 1 .722 3 .000 .000
SIO 7 .000 .000 .000 .000
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SID . 5 7 £ 5 . 0 0 00 . 0000 . 00 00 . 00 00 . 7 1 4 0 .coco .0000
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.OOÖO . 0 0 0 0 . 0 0 0 0 . 0000 • 0 0 0 0 . 0 0 0 0 . 0000
.0000 , . 2 5 7 0  -■•906 1 . 0 0 0 0 . 0000 . 0000 . 0000
. 0 0 0 0 . 0000 . 0 0 0 0 . 0 0 0 0 . 0000 . 0 0 0 0 . . 0 0 0 0
- . 3 1 8 4 . 0000 . 00 00 . 3 1 3 0 . 0000 . 0000 . 0 0 0 0
. 0000 . 0 0 0 0 . 0 0 0 0 . 0000 . 0000 . 0000 . 0000
. 0 0 0 0 - . 3 1 2 4 . 00 00 . 0 0 0 0 . 0000 - . 1 9 2 5 . 0 0 0 0
. 0 0 0 0 . 0 0 0 0 . .0000 . 0 0 0 0 . 0000 . 0 0 0 0 . 6 1 2 3
. 0 0 0 0 . 0 0 0 0 . 00 00 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . o coc
. 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0000 . 0 0 0 0 . 0 0 0 0
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. 0 0 0 0 . 0000 . 0000 . 0 000 . 0000 . 6 7 0 3 . 0 0 0 0
. 000 0 . 0000 . 00 00 .000  0 . 0000 . 00 00 . 000 0
. 0 0 0 0 .OOGO . 0000 . 0000 . 0000 . 0000 .0 000
. 0000 . 0000 . 0 0 lí 0 . 0000 . 00 00 .OOGO . 0000
. 0 0 0 0 . 0000 . 0000 . 0 0 0 0 . 0000 . 0000 .OOGO
. 0000 . 0000 . ococ . 0000 . 0000 . GOGC . 0000
. 0 0 0 0 . 0000 . 0000 . 0 0 0 0 . 0000 . 0000 . 0 0 0 0
. 0 0 0 0 . 0000 . 0000 . 0 000 . 0000 . 0000 . 0 000
. 0000 .OOGO .0 0 0 0 . 0000 .0 000 . 00 00 . 0000
. 0 0 0 0 . 0000 .0000. . 0000 . 0000 . 0000 . 0 000
. 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0000 . 3003 . 0000
. 0 0 0 0 . 0000 .ococ . 0 0 0 0 . 0000 . 0000 . 0 000
. 0000 . 0000 . 0 0 0 0 . 0000 . 0000 . 0000 . 0000
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APPENDIX 3A. THE PARAMETERS OF THE FIRST ORDER LINEAR
REGRESSION EQUATION FOR POROSITY VERSUS
DEPTH OF THE LINE 1 ON FIGURE 52.
ORIGINAL X AMD Y DATA
l 21 2.1.0000 no 20.0000
2 .1 3 8 2 0.0 0 0 0 * * * * * * * * * * * *■
COEP. MATRIX OF UNKNOWN PARAMETERS IN NORMAL EQN5
1 2
1 280.904)0 159440,0009
VECTOR OF CROSSFRÜDUCTS OF X AMD Y
1 2 
1 24.3036 -.0167









7 580.00008 590.00009 600.0000
10 6.10. 0000
11 740.0000! 2 760.*innn
1 3 780.0000
.! 4 790.00 0 0
15 890.0000
.16 9 40.00 00
17 1010. 0000
18 860.000019 880 . 000020 8 6 0.000 0
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COL J *'• X VARIABLE 
COL 2 = Y VARIABLE
COL 3 - Y VALUE BASED ON REGRESSION EQUATION COL 4 - COL2 - COL 3
ORDER OF EQUATION = 1
NUMDEtf OF SAMPLES = 21
TOTAL SUMS OF SQUARES = 594.6667
SUMS OF SQUARES DUE TO REGRESSION =
SUMS OF SQUARES DUE TO DEVIATION = 
GOODNESS OF FIT = ’ 695944




APPENDIX 3B. TIIE PARAMETERS OF THE FIRST ORDER LINEAR
REGRESSION EQUATION FOR POROSITY VERSUS
DEPTH OF THE LINE 2 ON FIGURE 52,
ORIGINAL X AMD V DATA
1 2
.1 2*. 0000 356-10.0000
3 356 40. QO0Ok* * ** * * * ■ * *
COEF. MATRIX OF UNKNOWN PARAMETERS IN NORMAL EQNS.
i 2
1 371.0000 494J40.0000
VECTOR OF CROSS PRODUCT:'! OF X AND Y
1 2  
t 23.8775 -.0070
rHE PARAMETERS OF THE REGRESSION EQUATION
1 C, 3 4
J 980.0000 27.0000 17.0083 9,9917-1 800.0000 20,0000 17.8494 2.1506
1060.0000 15,0000 • 16.4475 -1.4475
4 1090.0000 16.0000 16.2372 -.23725 1220.0000 15.0000 15.3260 -.3260
0 1240.0000 15.0000 15.1858 -.1853-7 _ 1300.0000 •2 4.0000 14.7653 9.2347A 1370.0000 23.0000 14.2746 8.72549 1420.0000 15,0000 13.9242 1.0758
10 1460.000 0 15.0000 13.5036 1.4964
1 .1 1520.0000 16.0000 13.2232 2.7768
12 1580.0000 15.0000 12.8027 2,1973
1 3 1660.0000 15.0000 12.2419 2.7581
1 4 1700.0000 15.0000 11.9615 3,0385I 5 1610.0000 10,0000 11 . 1905 -1.1905
16 1630.0000 i0.0000 12.4522, -2.4522
17 1 6 40.0000 10.0000 12 . 3821 -2.3321
16 1720.0000 10.0000 11.8213 -1.8213
19 1730.0000 10,0000 11.7512 -J .7512
20 1750.0000 10,0000 11.6111 -1.6111
2.1 1300.0000 10.0000 14.7653 -4.7653
C L 1220.0000 10.0000 15.3 260 -5.3260
2 3 1160.0000 10.0000 15.7466 -5.7466
2 4 1280.0000 3.0000 14.9055 -6.9055r. 910.0000 15.0000 17.4989 - 2.4989
26 1010.0000 12.0000 16.7980 -4’.7980
COL 1 X VARIABLE
COL 2 = Y VARIABLE
COL 3 V VALUE BASED ON REGRESSION EQUATION
COL 4 = COL2 - COL 3
ORDER OF EQUATION = 
NUMBER OF SAMPLES « 
TOTAL SUMS OF SQUARES 
SUMS OF SQUARES DUE TO
1
26











APPENDIX 3C. THE PARAMETERS OF THE FIRST ORDER LINEAR
REGRESSION EQUATION FOR POROSITY VERSUS
DEPTH OF THE LINE 3 ON FIGURE 52.
OF nil MAL X AME* Ï DATA
I
7
1 2 22.0000 553 35.00 0 0
559 3 5 , 0 0 0 0 * * * * * * * * * * * *
ÇOEF, MATRIX OF UNKNOWN PARAMETERS IN NORMAL EQNS
l 2
1 214 . 0000  530290 . 0000
VECTOR OF CROSSPRODUCT5 OF X AND Y
l
1 24 .0267 - t  0056
TME PARAMETERS OF THE REGRESSION EQUATION
1 3 4
1 2020.0000 12.0000 .12,6659 -.66592 2125.0000 14.0000 12.0754 1,9246
3 7130.0000 14.0000 12.0472 1.9528
4 2280.0000 10.0000 11,2036 -1.2036
r> 2330.0000 10.0000 10.9224 -.9224
6 2400.0000 10.0000 10.5287 -.5287"7 2430.0000 9.0000 10.3600 -1.3600
8 24°0.0000 10.0000 10.0225 -.0225’n ¿520.0000 10,0000 9.8538 . 1462
LO 2530.0000 10.0000 9.7976 .2024
l l 2510.0000 10.0000 9.7413 .2587
12 2620.0000 10.0000 9.2914 .7086
1 3 2710.0000 8.0000 8.7852 -.7852
1 4 ?7A0.0000 8.0000 8.3915 -.3915
1 5 o n t 0 0 0 0 7,0000 7.3229 -.3229
16 31 ?.<■'. 0000 7.0000 6.4793 .5207
17 ¿340.0000 14.0000 10.8662 3.1338
1 8 2r y,n. 0000 15.0000 9.5164 5.4 8 361 n no0 0 6.0000 4.1734 .8266
20 240fl. r»000 8.0000 10.5207 -2.5237
' \ ? 4pO . 0000 8.0000 10.5287 -2.5287
2 2 2690.0000 5.0000 8.3977 -3.8977
COL 1 T x  V  *  R I ABLE
COL 2 ^  V VARIABLE
COL. 3 =. Y VALUE BASED ON REGRESS ION EQUATION
COL 4 = COL2 - COL 3
OROEP OF EQUATION - 1
NUMBER OF SAMPLES = 22
TOTAL SUMS or SQUARES = 160.3636
SUMS OF SQUARES DUE TO REGRESSION = 77.6415
SUMS OF SQUARES DUE TO DEVIATION = 82.7222
GOODNESS OF FIT = .484159
CORRELATION COEFFICIENT = . 695815
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APPENDIX 3D. THE PARAMETERS OF THE iIRST ORDER LINEAR
REGRESSION EQUATION FOR MATRIX VERSUS POROSITY
ON FIGURE 55.
OR ICI MM. X MIP Y D M A
l 2
1 7 3 ,0 0 no (MG. 00 00
2 8 4 6.000 0 J 1674,0000
COISF. MATRIX OF UHKHOWM PARAMETERS IN. NORMAL EQNS
1 2
1 566.0000 7420.0000
VECTOR OF CROSSPRODUCTS OF X AMD Y
l 2
i 2.4190 ,4603
THE PARAMETERS OF THE REGRESSION EQUATION
l 3 4
1 10.0*00 5,0000 7,0220 -2.0220
(. 8.0000 .3.0000 6.1014 -3,1014
J 15.0000 5.0000 9.3235 -4.3235
4 15,0000 2.0000 9.3235 -7.32355 15.0000 6.0000 9.3235 -3,3235
6 • 15.0000 12.0000 9.3235 2.67657 25.0000 25.0000 13.9264 11.0736
8 25.0000 24.0000 13.9264 10,07369 14.0000 12.0000 8,8632 3;1368
1 0 10.0000 4.0000 7,0220 -3.0220
11 10.0000 8.0000 7.0220 .9780
12 10.0000 l.0000 7.0220 -6.0220
1 3 8.0000 1).0000 6,1014 4.8*86
1 4 10.0000 7.0000 7.0220 -.0220
15 5.0000 1.0000 4.7205 -3,7205
1 6 .» 0 o n n 7.0000 4.2602 2.7398
5 .* 0 0 0 1 1 . 0000 4.7205 6.2795
i r- 5.0 0 0 0 3.0000 4.7205 -1.7205
ia 5.0 0 0 0 2.0000 4.7205 -2.7205
20 15.0000 14.0000 9.3235 4.6765
21 10.0000 .0000 7.0220 -7.0220? 7 i n . n 0 0 0 2" . 0000 7.0220 1Q, 975 0
23 1 2.0 0 0 0 3.0000 7.9426 -4.9426
2 4 p nnno .opoo 6.1014 ■-6,. 1014
25 10.0000 18.0000 7.0220 10.9780
26 15.0000 6.0000 9.3235 -3.3235
27 15.0000 7.0000 9.3235 -2.3235
28 10.0000 3.0000 7.0220 -4,0220
29 10.0000 1.0000 7.0220 -6.0220
30 8.0000 .0000 6.1014 -6,1014
31 5.0000 l5 j 0000 4.7205 10.2795
Continued
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32 15.0000 2.0000 9.3235 -7.32353 3 8.0000 1.0000 6.1014 -5.10143 4 8.0000 •1.0000 6.1014 -2.101435 1 0 . OQfifi 1.0000 7.0220 -6.02203b 15.0000 1.0000 9.3235 -8,323537 7.0000 1.0000 5.6411 -4.641138 10.0000 1.0000 7.0220 -6.02203? 7.0000 1.0000• 5,6411 -4.641140 5.0000 4.0000 4.7205 -.720541 10.0000 30.0000 7.0220 22.978042 15.0000 .0000 q.3235 -9.32354 3 5.0000 4.0000 4.7205 -.7205-M 15.0000 .0000 9.3235 -9.323545 8,0000 l.0000 6.1014 -5.1014
46 8.0000 9.0000 6.1014 2.8986
47 5.0000 .0000 4.7205 -4.7205
48 10.0000 c. .0000 7.0220 .978049 10.0000 5.0000 7,0220 -2.022050 19.0000 34.0000 11.1647 22.8353SI 10.0000 25.0000 7.0220 17.978052 16.0000 21.0000 9.783C 11.21625 3 15,0000 26,0000 9.3235 16.67655 1 22.0000 8.0000 12.5456 -4.545655 10.0000 19.0000 7.0220 11.97805 b 10.0000 .0000 7.0220 “7.022057 15.0000 7.0000 9.3235 -2.323558 10.0000 8.0000 7.0220 .978059 27.0000 7.0000 14.8470 ^7.847060 5.0000 .0000 4,7205 -4.720561 15 . nfjfifj 3.0000 9.3235 -6.323562 • 24.0000 4.000(3 13.4661 -9.46616 3 15.0000 5.0000 9.3235 -4.32356 4 15.0000 5,0000 9.3235 -4.323565 15.0000 7.0000 9.3235 -2.32356b 14.0000 3.0000 8.8632 -5.863267 10.0000 3,0000 7,0220 -4.022068 10.0000 7.0000 7.0220 -.022069 10.0000 22.0000 7.0220 14.978070 16.0000 2.0000 9.7838 -7.783871 15.0000 3.0000 9.32 35.. r6.323572 10.0000 30.0000 7.0220 22,978073 5.0000 l.0000 4.7205 r-3.7205
COL 1 X -V APL AB LE
COL 2 - Ÿ VARIABLE
COL 3 r. Y VALUE BASER UH REGRESSION EQUATION.COL 4 - COL2 - COL 3
ORÜER OF EQUATION r 1NIJMBER OF 5AMPLES - 73TOTAL SUM3 OF SQUARES = 5 415 .5616suns o f SQUARES PUE TO' REGRESSION = 396.1334SUÜ3 OF SQUARES DUE TO1 DEVIATION =’ 5019.,4282GOÜPNES3 OF FIT = .073147
CORRELATION COEFFICIENT = • .270457
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APPENDIX 3 E . THE PARAMETERS FOR THE FIRST ORDER LINEAR
REGRESSION EQUATION FOR PERMEABILITY VERSUS
POROSITY ON FIGURE 54.
^  ORIGINAL X AND Y DATA
-  ’ 1 2
— 1 8.0000 120 . 0000
2 120.0000 1978 . 0000
COEF.  MATRIX OF UNKNOWN PARAMETERS IN NORMAL EQNS
1 2 
1 1806.0000 30655.0000
VECTOR OF CROSSPRODUCTS OF X AND Y
1 2 
1 - 7 4 . 6 7 1 3  20.0281
THE PARAMETERS OF THE REGRESSION EQUATION
1 2 3 4
1 9.0000 45.0000 105.5815 - 6 0 . 5 8 1 5
2 20 .0000 472.0000 325.8904 146.1096
3 10.0000 20.0000 125.6096 -1 0 5 . 6 0 9 6
4 15.0000 40.0000 225.7500 -1 8 5 . 7 5 0 0
5 14.0000 231.0000 205.7219 25.2781
6 16.0000 300.0000 245.7781 54.2219
7 12.0000 398.0000 165.6657 232.3343
8 24.0000 300.0000 406.0028 -1 0 6. 0 0 2 8
_  COL 1 * X VARIABLE 
_  COL 2 = Y VARIABLE
_  COL 3 a Y VALUE BASED ON REGRESSION EQUATION
_  COL 4 = COL2 -  COL 3 
_  ORDER OF EQUATION = 1
_  NUMBER OF SAMPLES = 8
_  TOTAL SUMS OF SQUARES = 210869.5000
_  SUMS OF SQUARES DUE TO REGRESSION = 71400.1367
_  SUMS OF SQUARES DUE TO DEVIAT ION = 139469;3633
_  GOODNESS OF F I T  =. .338599
_  CORRELATION C OEF FI CI ENT  = .581892
